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...SPECIFICATION spots on the gel precludes more precise analysis. 

To obtain further information, the remaining skeletal framework , 
usually masked in conventional Epon -embedded thin section, can be 
visualized in three 
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Detailed Description 

Isolated nucleic acid molecules of the present invention include DNA 



molecules comprising an open reading frame (ORF) with an initiation 
codon at positions 35-37 of the nucleotide sequence shown in. . . 
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Detailed Description 

... 1 (a) ) and cavity (Figure 1 (b) ) were then sealed and assembled into a 
suitable frame and products molded. 

2. Use of epoNy board (s) to produce polypropy [pne 
ABS and/or polycarbonate protolype 
Tools prepared from epoxy. . . 
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Claims 

Claim 

... the crossconnect apparatuses of the type shown in Fig. 1 are typically 
installed in equipment frames or bays and interconnected as part of a 
telephony network . The cross-connect bays serve as a centralized hubs 
for interconnecting various types of equipment... 
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point a multipoint 
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...SPECIFICATION 983.1, comprising one or more redundant parts of the 
ATM-PON system. For reliability, networks may use diverse routes to 
each terminal to protect against cable cuts, and duplicated transmission 

...switching. Automatic switching is forced by fault detection, such as 
loss of signal, loss of frame , signal degradation (the bit error rate 
falls below a predetermined threshold), etc. Forced switching occurs... 

...the ATM-PON system and are implemented in physical layer OAM (PL-OAM) 
cells transmitted downstream the ODN (from OLT to all ONU f s). Several 
types of physical architecture are being proposed to provide end-to-end 
protection, of which the simplest only doubles the optical fibres of 
the ODN between the OLT and the optical splitter, and thus only 
provides for protection of the optical fibre between OLT and optical 
splitter by forced switching. 

A second alternative doubles the OLT receiver/transmitter and the 
optical . . . 
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Method and apparatus for TDM/TDMA communications 
Verfahren und Vorrichtung zur TDM/TDMA-Kommunikation 

Precede et dispositif de communications par transmission a multiplexage 
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. . .ABSTRACT Al 

In a power splitting passive optical network (PSPON) (101) which 
provides f iber-to-the-home (FTTH), time division multiplexing/time 
division multiple access (TDM/TDMA) communication is employed for 
downstream / upstream transmission over a fiber. A framed structure is 
used for the downstream transmission of ATM cells from an optical 
line card (OLC) to a splitter (104) in the outside plant and thence to a 
plurality of optical network units (ONUs) (106) which are each 
associated with a home or business. The ONU at each home/business is 
connected to end user terminal equipment such as one or... 
...PCs (109), televisions (111), and telephones (107). The ATM cells 
transmitted within each fixed length frame may be addressed to a 
specific ONU for a particular end user terminal, or they may be 
broadcast to many or all... 

. . .ATM cell may also carry a control channel or messages directed to the 
ONUs. A framed structure is also employed for upstream burst 
transmission from the plural ONUs to the OLC. Specifically, in the 
upstream direction each ONU transmits one burst per frame that 
includes a header and a payload containing a variable number of bytes . 
The length of each payload in a burst transmitted upstream by an ONU 
is determined as a function of the bandwidth requirements of the end user 
terminal equipment connected to that ONU as well as the bandwidth 
requirements of the end user terminal equipment at the other ONUs. When 
the bandwidth requirements at an ONU changes, that information is 
communicated upstream to the OLC where an upstream bandwidth message 
is created and transmitted downstream to the ONUs. That upstream 
bandwidth management message modifies the length of the payload in the 
burst in a subsequent frame transmitted by that ONU whose bandwidth 
requirements have changed, and also changes the locations within the 
frame that the other ONUs transmit their bursts if they transmit in the 
frame after that payload-length modified ONU . 

...SPECIFICATION sets, such as 118, connected to the network. 

In the embodiment of the present invention, downstream transmission 
between the network end 103 over PSPON fiber 102 to the up to 32 fibers 
105-1 - 105-32, which are each connected to an ONU , is in a TDM fixed 
frame format that consists of a total 2430 bytes transmitted at an 8000 
frames /sec rate. Downstream optical transmission over the fiber 102 



is at a 1550 nm wavelength. Each frame includes a 3 byte framing 
pattern, leaving a 2427 byte payload. For purposes of the present 
embodiment, all downstream payload data is formatted as ATM cells. Each 
cell includes 48 bytes of payload with a 5 byte ATM header. Since each 
ATM cell is 53 bytes long and the frame payload is not integrally 
divisible by 53, each frame boundary is typically spanned by an ATM 
cell. Each downstream ATM cell contains what may be either video MPEG 
data, IP data, or other data... 

.be addressed, for example, to only the single end user's PC 109 
connected to ONU 106. Digitized voice data from the station sets 
connected to PSTN 115 are broadcast on fiber 102 to each ONU connected 
to fibers 105-1 (horizontal bar) 105-32. Specifically, two DS1 frames , 
each consisting of 24 digitized DS0 voice channels are combined in a 48 
byte channel payload for a dedicated ATM virtual circuit (VC) . By 
transmitting downstream one such ATM cell per frame , forty-eight 64 
kbit/sec downstream channels are provided corresponding to voice 
channels. Each ONU then extracts from that ATM cell in each frame the 
byte that is assigned to its active voice channel. If more, N, active 
telephone station sets are connected to an ONU , then N such bytes are 
extracted from that cell each frame , each byte being associated with 
one of the voice channels. 

FIG. 2 illustrates a block... the OLC stores an upstream slot map. The 
upstream slot map identifies the sequence of time slots which make up 
a frame, each time slot containing a single transmission burst from one 



...implemented as a list of up to 32 slot entries, which are stored in an 
upstream slot map memory, wherein each entry corresponds to each of the 
connected ONUs . The slot entry associated with each ONU identification 
parameter (0-31) defines the size and composition of the burst, 
containing both the... 

. . .memory. Each slot entry 301 defines the size and composition of the 
burst associated with ONU identification parameter. The information 
thus includes ...burst. In addition, each entry contains information 
used for storing received ATM data from that ONU . This additional 
information consists of a cell pointer 304 to a cell buffer indicating 
where upstream ATM data should be written, and a byte offset 305 
indicating where the next received. . . 

. . .bursts across 53 frames if only one byte of payload is allocated to the 
associated ONU for transporting ATM data. 

FIG. 4 is a block diagram of a single OLC 401... 
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...SPECIFICATION being processed by the DSPs. 

Preferably, the data being sent to the at least one ONU is organized 
into frames, wherein each frame comprises a number of downstream 
subframes, wherein each downstream subframe within a frame is destined 
for a particular ONU and comprises a traffic field sectioned into 
groups of time slots , wherein each group of time slots is 
destined for a separate line interface unit (LIU) in said ONU , wherein 
each LIU provides data in a specific format to a respective subscriber, 
the number of time slots in a group being dependent on the specific 
data format provided by the associated LIU. . . 

. . .one ONU is organized into upstream subframes comprising a traffic field 
sectioned into groups of time slots , wherein each group of time 
slots originates from a separate LIU in the ONU , the number of slots 
in a group being dependent on the specific data format provided. .. 16 and, 
according to a mapping controlled by the control processor 19, routes the 
individual time slots in each frame towards the appropriate 
transceiver 21. Similarly, the switch matrix 17 accepts downstream data 
from the transceivers 21, subdivides the data into traffic time slots 
that constitute a particular subframe that is routed to the appropriate 
ONU . This switch "fabric" also acts as a conduit to connect ONU 
signalling and control paths to the signalling, control and OAM 
processors 20,19,18. 

The... with bits and dedicated to transmitting certain classes of 
information from the HDT to the ONU . The address field in each subframe 
identifies the ONU for which the traffic is destined. The signalling 
field preferably carries instructions (such as ringing needs for that 
LIU. The control channel in the downstream subframes also provides 
control of the codec sampling and output rates in each LIU, as well as 
precise timing instructions for the transmittal of bursts of upstream 
data . 

The traffic field is divided into a multitude of (in this case, 
twenty-nine . . . 

. . .will depend on the bandwidth granularity and on the type of service 
provided . 

These same time slots are used in the analogous construction of 
upstream subframes transmitted by the ONU 102 to the HDT 101. The mux 
105 forms a subframe that is subdivided into groups of time slots , 
whereby a group is associated with a specific LIU and is allotted a 
number of time slots that is dependent on the BG and on the required 
upstream bandwidth. Upon command from the HDT, an ONU transmits its 
fully constructed upstream subframe on a once-per-f rame basis, although 
the subframes arriving from various ONUs are... 

...The oversampled data 152 is fed to the mux 105, where a suitable number 
of time slots in a subframe are allotted to this stream. Also, the 



mux 105 will partially fill... 

.the loop status detector 10 via path 134. The address field will 
indicate the source ONU . 

The mux 105 then assembles the time slots from each LIU, as well as all 
...to the PON-OS 128. The PON-OS waits for the go-ahead from the ONU 
control processor 126 before sending the subframe onto the fiber 4 via 
the transceiver 6. The ONU control processor 126 receives this timing 
information from the HDT in the control field of the downstream 
subframes. Each ONU sharing the same fiber umbilical 4a is cyclically 
instructed to send its burst of data... 

.called a guard band. This is designed to account for the delay in 
instructing one ONU to transmit while ensuring that the previous ONU 
has ceased transmission. 

The train 400 of data containing the oversampled POTS signal of 
upstream. . . 
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...SPECIFICATION common signal to all end users. Information is segregated 
within the broadcast signal in individual time slots as a time 
division multiplexed (TDM) signal and/or sub-carrier multiplexed 
channels. A star coupler at the remote node distributes the broadcast 
signals to the optical network units. Upstream information is usually 
transmitted from each ONU within a particular time slot, received at 
the remote node, multiplexed and directed to the... 
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...SPECIFICATION in the art, e.g. from the proposal to the FSAN-OAN (Full 
Service Access Network - Optical Access Network ) Workgroup entitled 
1 Short Slot Proposal 1 . This proposal is written by the authors Mark 
Bridger, Dan. . . 

...Mike Haynes, and dated April 22-23, 1997. Therein, the central station 
of a passive optical network (PON) with point-to-multipoint 
architecture regularly broadcasts so called PLOAM (Physical Layer 
Operation Administration and Maintenance) cells containing identifiers of 
the network terminals which are allowed to send a burst in the 
upstream timeslots of an upstream frame . The central station in the 
optical network of the mentioned proposal is called the OLT ( Optical 
Line Termination), whereas the network terminals are named ONU ' s ( 
Optical Network Units) . The contents of such a PLOAM cell as proposed 
by Mark Bridger et al... 

...page 4 of the just cited proposal. The 30 grant messages therein each 
contain an ONU identifier. Each ONU identified in the PLOAM cell is 
permitted to occupy one timeslot. By downstream broadcasting this 
message, all ONU 's in the network become aware of the order wherein 
they are allowed to occupy upstream timeslots for transmission of data 
bursts towards the OLT. The upstream timeslots may be standard full 
size upstream slots with a length of 56 bytes or short slots with a 
length of 7 . . . 
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...SPECIFICATION available which is allocated to the ONU 144)), enabling 
the ONU 144)) to have four time slots altogether within the time 
frame, equivalent to 1/2 U capacity. Initially, in time slots Tl and 
T2, the ONU 144)) receives data carried by the optical signal S2 having 
the second wavelength (lambda) 2... 

...by the optical signal SI having the first wavelength (lambda) 1 in the 
final two time slots T3 and T4 . 

As will be apparent from Figures 3(A) and 3(B), the ... core network is 
received by the transmitter 48 in the ONU 14 and transmitted, at time 
slots determined by the TDMA format of the upstream traffic, to the 
OLT 12 at the single wavelength (lambda) x using the upstream PON. 

In the first embodiment, the control information needed by the ONU may 
be included. . . 
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.SPECIFICATION and in a low power mode it need only ever consider one 
stream. 

In the upstream mode a Network Termination Equipment (NTE) or 
Optical Network Unit ( ONU ) could be assigned, on a longer term 
basis, additional-cell slots across any of the eight streams. Over a 
250(mu)s frame there are thirty-two cell slots per stream, and eight 
streams. Any of these 256... 

.when the load from any NTE gets too high. This allocation would be by 
the Optical Line Termination's (OLT ! s) main processor and can assign 
slots on relatively lightly loaded streams to particularly heavy NTE 1 s . 
Thus the whole upstream bandwidth is available. This is a key feature 
of the invention. 

There are considerations of... 
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..SPECIFICATION users served by a given node. Information is segregated 
within the broadcast signal in individual time slots as a time 



division multiplexed (TDM) signal. A star coupler at the remote node 
distributes the broadcast signals to the optical network units. Upstream 

information is transmitted from each ONU within a particular time 
slot, received at the remote node, optically multiplexed and directed to 
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...SPECIFICATION above. 

In a preferred form, each return signal looped-back from each 
RITE-Net(TM) optical network unit (whether overmodulated or not) may 
be utilized as an interrogation signal. That is, each downstream 
directed signal interrogates the modulator and necessarily checks the 
optical continuity of the optical circuit. Thus, any break in the 
loop may be detected at the central office as a matter of course, almost 
immediately. A lack of response from the ONU over several optical 
frames , (e.g., 125 (mu) sec), indicates a line break and the central 
office takes appropriate action. While detecting a line fault in an 
active double star network will not aid in determining the exact 
location of the fault, the assignment of craft... 
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. . .ABSTRACT Al 

In an optical transmission system between an optical subscriber 
unit (10; OSU) in a central office and a plurality of optical network 
units (20 ( sub(i)); ONU ) in customer premises each coupled with said 
subscriber unit (10) through a single optical transmission line (32 ( 
sub(i))), an optical switch (40) is provided for selectively coupling 
one of said network units (20 ( sub(i))) to said subscriber unit (10) 
sequentially on time division multiplexing operation, so that no 
attenuation except small insertion loss by an optical switch occurs in 
switching. A downstream frame from said subscriber unit (10) to said 
network units (20( sub(i))) has a plurality of time slots each of 
which is to be switched to a predetermined related network unit, and 
de-multiplexed by said optical switch. Each time slot has no 
identification for addressing. An upstream frame from network units 
are multiplexed by said optical switch. Said downstream frame and 
said upstream frame are multiplexed in a single optical 
transmission line either through time division multiplexing or through 
wavelength multiplexing, (see image in original... 
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...SPECIFICATION TPON) and "Passive Photonic Loop" (PPL). 

In a TPON architecture, the central office provides a downstream 
optical signal to each of the ONUs utilizing a time-division multiplexed 
protocol. This protocol typically comprises a frame of information that 
is further subdivided into time slots that are assigned to individual 
ONUs. Upon receiving the time-division multiplexed optical signal, each 
ONU then extracts the information that is contained in its assigned 
time slots . Consequently, each ONU must be synchronized to the 
transmission of the downstream optical signal to ensure that it 
correctly performs the demultiplexing operation. Similarly, in the 
upstream direction, from each ONU to the central office (through the 
RN) , the operation of the ONU 1 s laser must be synchronized so that each 
ONU transmits information only in its assigned time slot so as to avoid 
interfering with the optical signals provided by the lasers of other 
ONUs. This synchronization in the upstream direction is further 
complicated by the effect of the different optical path lengths, between 
each ONU and the RN, on an ONU ! s respective optical signal. 

In comparison, the PPL architecture is different from the TPON 
architecture ... division multiplexed signal comprises a time frame, t( 
sub(f)), which comprises a number of time slots , t( sub(i)), where 
each time slot is associated with a particular wavelength. In this 
particular example, each time slot is used to transmit a "packet" of 
information to the respective ONU although other effective techniques 
(like bit interleaving) can also be used. CO processor 15 controls... 

...For example, during time slot t(sub 1), CO processor 15 provides 
information associated with ONU 100 to frequency tunable optical 
transmitter 20. At the same time, sequencer 30 controls frequency... 

...of (lambda) (sub 1). As a result, frequency tunable optical transmitter 
20 impresses information for ONU 100 onto an optical signal with a 
wavelength of (lambda) (sub 1) . Packets (or bits) for the other ONUs are 
similarly transmitted in the other time slots at their respective 
different wavelengths. This results in a downstream optical beam 
comprising a number of optical signals each at a different wavelength and 
modulated by a downstream information signal. 

Although other modulation techniques are possible, frequency tunable 
optical transmitter 20 illustratively uses... 

...a "shallow modulation depth". A representative transmitted digital 
sequence is shown in FIG. 4 for time slots t(sub 1) to t(sub 3). It 
should be noted that the modulation rate... 



...of bits per second, B, transmitted in each time slot can also vary for 
each ONU as can the format (multilevel etc.). This is also shown in 
FIG. 4, where the modulation rate B(sub 2) for ONU 200 during time slot 
t(sub 2) is lower than the modulation rates B(sub 1) and B(sub 3) for 
respective ONUs 100 and ONU 300. Similarly, the modulation rate for 
ONU 300, B(sub 3), is higher than the modulation rate for either ONU 
100 or ONU 200. 

The transmitted optical signal from CO 10 is accepted by RN 90. The 



latter... CO processor 15 to take into account the various time delays 
before transmission of any downstream information. An illustrative 
method is shown in FIG. 7. Beginning with step 605, it is assumed that 
the length of a time frame , t( sub(f)), is known a priori. In this 
example, it is assumed that t( sub { f) ) =125 (mu) sec (e . g ., SONET) . As 
described above, during each frame a packet of downstream information 
is transmitted to each ONU . As a result, the size of each time slot is 
simply equal to t( sub(f))/N where N is the number of ONUs. For example, 
if ONU 100, ONU 200, ONU 300 and ONU 400 are representative of 16 
ONUs, this results in 16 packets of information for each time frame , 
each packet being transmitted in a time slot of approximately 8(mu) sec. 
each. In step 610, CO processor 15 determines the optical path length, 
or time delay, (DELTA) ( sub(i)), for each of the 16 ONUs before any 
downstream transmission of subscriber information takes place. This time 

...the total time delay, (DELTA) { sub(total)), is determined by the 
physical length of the network . It is assumed that the physical length 
of the network of FIG. 1 is similar to that of a TPON network , which 
is 3.6 kilometers. This results in a value for (DELTA) ( sub(total)) of 
approximately 35(mu)sec. From this total time delay, a modified frame 
is created by allowing for a period of dead time in each time frame , 
where the dead time is equal to (DELTA) ( sub(total)). Continuing with 
this example, if (DELTA) ( sub (total )) =35 (mu) sec . , the length of time for 
the modified frame , t( sub(mf)), is equal to: (Formula omitted) 
CO processor 15 then determines in step. . . 

...mu) sec. In step 630, CO processor 15 assigns each modified time slot to 
an ONU as a function of its time delay, (DELTA) ( sub(i)), with the 
closest ONU being associated with the first modified time slot. In the 
case of equidistant ONUs, they are selected in any order. CO processor 15 
then sequentially transmits each ONU f s information in its associated 
time slot as described above. As a result of compressing the time frame 
and ordering the assignment of time slots to ONUs in order of 
increasing optical path lengths from RN 90, the time frame comprising 
the upstream information will appear to CO processor 15 as shown in 
FIG. 8. As represented in FIG. 8, it is assumed that ONU 100 is 
closest, ONUs 200 and 300 are equidistant, followed by ONU 400. It can 
be observed from FIG. 8 that deal times, (delta) ( sub(i)), are 
distributed throughout this received time frame . Each deal time, 
(delta) ( sub(i)) is equal to the" difference between the end of... 

...between the end of packet 1 and the arrival of packet 2. Consequently, 
the returning optical signal will effectively have dead time between 
each of the packets, where the sum total... 

...into the system as a result of the allowance for dead time in each time 
frame . 

Another approach to avoiding packet collisions is to subcarrier 
modulate the packets in each time... 
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capacity is made at the time of call set-up by a user via an ONU so 
that the same number of data packets may be sent from the ONU to the 
OLT each time the ONU ' s time slot arrives for transfer of its upstream 

data. In some time slots , not all the allocated 
capacity may be used by the ONLI, while in others the ONU may have 
more 

packets in its buffer than the allocation will allow to be transmitted. . . 
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Detailed Description 

time division multiple access protocol (TDMA) characterized in that it 
consists . 

0 defining a transmission frame , according to the line speed, for both 
the downstream and upstream transmission directions, that is from OLT 
towards ONU 

and from ONU to OLT, respectively, having constant duration; 

* each one of said frames consisting, in each transmission direction, 

of an integer number N of slots, so that a one-to-one relation between 

each slot forming part of the downstream frame structure and each 

slot forming part of the upstream frame 

structure, is always valid; 



0 in the downstream direction, each slot containing m fundamental 
blocks, being m an integer number higher than 1... 

. . . between them 

inside the slot, in a constant and pre-set way; 

6 in the upstream direction, each slot consisting of a j-byte guard 
field, an L-byte 

preamble field and of a 53-byte useful field; 

* the line transmission speed in the upstream direction being equal or 
a precise sub 

multiple of the downstream line transmission speed, 
In other words, the method according to the invention consists in 
defining as shown in Fig. 4, a structure of fundamental frame having 
nominal duration exactly equal to 125 microseconds and a multiframe 
consisting of a given number k, multiple of four, of fundamental frames 
, both concerning the downstream transmission, that is the optical 
transmission in "broadcast" mode through the passive optical network 
(PON) from the optical line termination (OLT) towards a plurality of 

Optical Network Termination ( ONU ) units (symbolically the OLT ), 

ONU flow) , and the upstream transmission, that is transmission in the 
opposite direction, based on a TDMA protocol. 

Each fundamental... 

Claim 

data, to be transferred through a same broad band PON access system, 
consisting of an Optical Line Termination or OLT and of a plurality of 
Optical Network Units or ONU , employing for the interconnection of 
said unks a passive optical network and operating in the direction 
from ONU to OLT, 

according to a time division multiple access protocol (TDMA), 
characterized in that it consists: 

defining a transmission frame , according to the line speed, for both 
the downstream and upstream directions, that is from OLT towards ONU 

and from 

ONU to OLT, respectively, having constant duration; 

each one of said frames consisting, in each transmission direction, 
of an integer number N of slots, so that a one-to-one relation between 
each slot forming part of the downstream frame structure and each 
slot forming part of the upstream frame 
structure, is always valid; 

e in the downstream direction, each slot containing m fundamental 
blocks, being m an integer number higher than 1... 

. . .arranged between them 

inside the slot, in a constant and pre-set way; 

in the upstream direction, each slot consisting of a j-byte guard 
field, an L-byte 

preamble field and of a 53-byte useful field; 

being, the transmission speed in line in the upstream diTection 
substantially equal or substantially sub-multipie of the downstream 
line transmission speed. 

2 Method according to claim 1 , in which the 53-byle always... 
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... as 

a Moving Pictures Experts Group (MPEG) decoder, for driving 
associated video equipment. 

Like the ONU 's ( upstream ) PHY transceiver unit, the CPE 
resident ( downstream ) transceiver PHY unit comprises a CAP 
decoder which demodulates the received (16 CAP) modulated 
broadband data stream from the upstream optical network unit, 
and couples the recovered clock to various circuit components, 
including a clock divider, which. generating return channel slotted 
bursts, The 

received data stream is coupled to an STS-1 framer , , which 

frames on the received SONET frame and performs a bit 
interleaved parity (BIP8) check on the data, A count is 
maintained of any errors, 

The STS-1 framer is referenced to the recovered clock and 
provides a receive byte clock to downstream signal processing 
components, The scrambled SONET data frame is coupled to an 
STS-1 descrambler, which descrambles the downlink signal and 
couples the . . . 
...byte detector, The Fl 

byte detector extracts the Fl byte from the descrambled STS-1 

frame overhead and couples the detected Fl byte to an Fl byte 
comparator. This comparator uses the Fl byte to control the 
operation of the slotted return channel, 

The data frame is further coupled to an ATM cell payload 
processor, which employs pointers in the STS . . . in bursts 
that are controlled by the detected Fl byte in the downlink 
STS-1 frame , 

The time of occurrence of the transmit enable signal 
generated by the comparator is derived. . . 

. . .Acquisition of the initial time slot may be accomplished 

by setting aside one of the time slots of the return channel 
to initial time slot contention, using, for example, an Aloha 
contention. . . 

. . . acquires 

a time slot,, then that assigned time slot may by used to 
request additional time slots as necessary. The multidrop 
communication mechanism of the present invention is flexible 
enough to accommodate. . . 
. . .may be employed to interface 

the unshielded twisted pair of the multidrop link from the 

optical network unit with telephony and cable television 
signalling ports typically provided at a customer premise. The 
frequency diversity diplexer has a first upstream port to 
which the UTP from the optical network unit is connected, and 
a second upstream port to which coaxial cable used by a cable 
television service provider to deliver analog cable television 
signals to the customer premise is connected, The diplexer 
also includes a first downstream , telephony signalling port to 
which a twisted pair for customer premises telephone equipment 



may be connected, It additional includes a second downstream , 
coaxial cable port to which a television set top box or 
standard cable-ready television. . . 
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frame rate (GFR) service category that was proposed in the ATM Forum, is 
a possible carrier... 

. . .the dynamic MAC protocol together with intelligent buffer acceptance and 
cell scheduling mechanisms on the ONU are capable of fulfilling these 
requirements. They provide bandwidth and fairness guarantees to the GFR... 

...Descriptors: optical fibre networks ; 
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Title: Design of the MAC frame structure regardless of contention in 
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...Abstract: the world-wide market for the product. Multiplexing of data 
from the customer into the network is done passively on the PON. PONs 



offer a flexible future proof service delivery platform for the access 
network . The MAC (medium access control) protocol controls ONU ( 
optical network unit) access to the shared capacity on the PON, this 

protocol is very important if . . . 

. . . been proposed and are now proposed. Therefore there are many kinds of 
protocol and data frame that are transmitted between OLT { optical line 
termination) and ONUs . If the network operator which manages OLT supports 
many types of protocol at ONUs, the network operator can support these. 
In this paper, the MAC frame structure offers the flexibility to cope 
with different physical layer specifications. At the same time... 

. . . variety of media access protocols so that a variety of services can be 
supported. This frame guarantees the operation of various protocols at 
ONUs using a key-set that has variable... 
...Descriptors: broadband networks ; ... 
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Title: Customer ONU : cost and technology and standardisation issues 

Abstract: The paper analyses the cost factors for the customer optical 
network unit ( ONU ) for fibre to the home (FTTH) . It is shown that 

present micro-optics technology cannot yield a low enough price for the 
optical module. The advantages of large volume production will become a 

reality through the implementation of . . . 

... breakthroughs in hybrid integration. It is shown that a target price of 
125$ for the ONU is realistic in a two years time frame , for a 
production of one million parts per year. The standardisation of the ONU 
parameters, which must be addressed in order to bring this potential to 
full realisation, are. . . 
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...Abstract: is calculated and compared to fixed time slot multiplexing 
for telephony services. A TCM/TDMA frame structure and an access protocol 
enabling dynamic time slot multiplexing are proposed. ONU bandwidth is 
dynamically assigned by using a set of pointers. The ONU access protocol 
causes no interruption to operating ONUs on the same PDS system during the 
configuration or reconfiguration of an ONU . The access time is analyzed 
to estimate the performance of the access protocol. The probability... 

. . . Descriptors : computer networks ; ... 

. . . optical fibre subscriber loops 
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Abstract: Compatibility between several different optical transmission 
techniques is revealed, provided that the frame structure and system 
equipment are specified according to various organizational constraints. 
Standardization can proceed without... 

. . . the time compression multiplex (TCM) . Similarly, by judiciously 
organizing exchange equipment (OLT) and user equipment ( ONU ) functions, 



network interfaces and optical transmission can evolve separately and 
broadband services can be accommodated progressively. The multispeed frame 

principle remains the cornerstone of the system given its suitability for 
matching equipment to applications... 

... affords a high degree of openness in the definition of specifications. 
Economic parity of the optical systems in f iber-to-the-home (FTTH) 
distribution is contingent on the development of new and integrated 
optical components. 
. . . Descriptors : optical communication equipment . . . 
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Title: A new concept for passive optical networks (multi bit rate 
optical transmission system) 

Abstract: One of the most important limits of passive optical networks 
concerns the evolution from POTS or narrowband services towards broadband 
services. The authors propose a new concept based on a multi-bit rate 
transmission system. Due to this concept, the frame is divided into 
predetermined parts and the instantaneous bit rate inside each part is 
related. . . 

... service provided to each subscriber. This concept allows an economical 
optimization of low bit rate network terminals { ONU ) without having to 
take into account the needs for further evolution. The ONUs are developed 
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...Identifiers: local network ; ... 

. . .passive optical networks ; ... 

...low bit rate network terminals 



17/3, K/7 (Item 1 from file: 8) 

DIALOG (R) File 8 : Ei Compendex(R) 

(c) 2002 Engineering Info. Inc. All rts. reserv. 

05443256 E.I. No: EIP99124 94 5911 

Title: Dynamic bandwidth allocation on SuperPON 

Author: Hoebeke, Rudy; Venken, Kristiaan; Stojanovski, Saso 
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Abstract: Currently, the first FSAN compliant ATM-based Passive Optical 
Networks (APON) are installed in the field. A possible evolution scenario 
for these types of access networks could be the so-called SuperPON 
system. The SuperPON system exploits all possible upgrades of . . . 

...since the upstream bit rate is rather limited for such a large number of 
connected Optical Network Units ( ONU ) . Main challenges specific to 
the SuperPON are the impact of long range and high number... 

...the proposed MAC protocol, we focus on the support of TCP over the ATM 
Guaranteed Frame Rate (GFR) service. GFR has been proposed in the ATM 
Forum as an enhancement to... 

...conventional best-effort UBR service category. It provides a MCR 
guarantee to VCs at the frame level, along with an opportunity to fairly 
use any additional bandwidth left over from higher... 

...current internetworking applications. It will be shown that the SuperPON 
MAC protocol developed in the framework of the ACTS project PELICAN 
yields very good performance for a wide range of traffic. . . 
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Title: Customer ONU : cost and technology and standardisation issues 
Abstract: The paper analyses the cost factors for the customer Optical 
Network Unit ( ONU ) for Fibre to the home (FTTH) . It is shown that 
present micro-optics technology cannot yield a low enough price for the 
optical module. The advantages of large volume production will become a 
reality through the implementation of... 

...in hybrid integration. It is shown that a target price of 125 dollar for 



the ONU is realistic in a two years time frame , for a production of one 
million parts per year. The standardisation of the ONU parameters, which 
must be addressed in order to bring this potential to full realisation, are 
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...Abstract: the useful application of the tunable AWG laser source for 
dense wavelength division multiplexing (WDM) networks , a new 
lightwave transrouter (LTR) is constructed using the AWG multiplexer 
formed of an appropriate. . . 

...of the principle tuning-free mechanism. Additionally, a reflective 

modulator is introduced into a sourceless optical network unit ( 
ONU ) for WDM passive optical networks (PONs) and then its 
fine-signal response is obtained. 
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Title: ONU component for DWDM upgrading of FTTx access network 

...Abstract: ATM PON solutions. The splitting ratio together with time 
division multiplexing protocol limit the available downstream bit rate at 
the ONU . Dense WDM passive optical networks are an upgrading solution for 
FSAN FTTx. One of the difficulties could be the ONU optoelectronic 
component. For this, we have investigated the use of a single semiconductor 
laser amplifier/reflector at the ONU in order to avoid the generation of 
a specific wavelength. In this paper the downstream detection function up 
to 1.5 Gb/s and the upstream reflection-mode operation at 155 Mb/s are 
demonstrated. 
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...Abstract: as full service access network (FSAN) require special 
burst-mode transmitters and receivers for the upstream direction (from 
the subscriber to the central office) . This is necessary because multiple 
subscribers share. . . 

. . . PON system is the burst-mode transmitter which is located inside the 
optical network unit ( ONU ) at the subscriber end. It must be low in power 
consumption since it must run. . . 

. . . Identifiers : upstream direction 
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Abstract: For low cost passive optical access networks (PON), we have 
studied the downstream delivery of an additional >1 Gb/s in the passband 
above the 155 Mb/s... 

... switched multimedia services, i.e., digital video, data, and audio. For 
switched services, the baseband upstream will be the return path. 
Furthermore, the passband can be used to provide a dedicated. . . 

...a 155 Mb/s baseband system, and is compatible with baseband only optical 
network unit ( ONU ). We multiplexed a 155.52 Mb/s baseband signal with 
quadrature phase shift keying (QPSK. . . 
. . . Identifiers : downstream delivery. . . 
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Title: Delivery of >1 Gb/s (digital video, data, and audio) downstream 
in passband above the 155-Mb/s baseband services on a FTTx full service 
access . . . 

Abstract: For low-cost passive optical access networks (PON), we have 
studied the downstream delivery of an additional >1 Gb/s in the passband 
above the 155-Mb/s... 

...a 155-Mb/s baseband system, and is compatible with baseband only optical 
network unit ( ONU ). We multiplexed a 155.52-Mb/s baseband signal with 
QPSK modulated passband>l . 2 . . . 

...Identifiers: downstream delivery 
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Title: A WDM- PON using Fabry-Perot lasers as upstream transmitters 
...Abstract: it has been proposed that broadband optical sources be used 
in the optical network unit ( ONU ) . We demonstrate that Fabry-Perot lasers 
can be used as sources in a spectrally-sliced. . . 
Identifiers: upstream transmitters... 
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...Abstract: increases the world-wide market for the product. The MAC 
(medium access control) protocol controls ONU (optical network unit) 
access to the shared capacity on the PON, this product is very important if 
TDMA (time division multiple access) multiplexing is used on the upstream 
In fact there are relatively large numbers of MAC proposals mentioning 
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...Identifiers: ONU access 



22/3 ,K/7 (Item 7 from file: 2) 

DIALOG (R) File 2 : INSPEC 

(c) 2002 Institution of Electrical Engineers. All rts. reserv. 

6131511 INSPEC Abstract Number: B1999-02-6220B-012 
Title: VDSL transmission technology using 16-CAP/QPSK modulation scheme 

Author (s): Rokugo, Y.; Kinosita, T.; Ohyama, Y. 

Journal: NEC Technical Journal vol.51, no. 8 p. 41-5 

Publisher: NEC, 

Publication Date: Aug. 1998 Country of Publication: Japan 

CODEN: NECGEZ ISSN: 0285-4139 

SICI: 0285-4139(199808) 51: 8L. 41: VTTU; 1-2 

Material Identity Number: H719-1998-011 

Language: Japanese 

Subfile: B 

Copyright 1999, IEE 

...Abstract: In FTTC, unshielded twisted-pair (DTP) cable is used as a 
distribution cable between the ONU and the home. This paper describes the 
very-high-speed digital subscriber line (VDSL) using 51 Mbit/s 
16-carrierless-amplitude-phase-modulation (CAP) for the downstream and 
1.6 Mbit/s quadrature phase shift keying (QPSK) for the upstream . Then 
this paper evaluates the transmission characteristics of VDSL using the 
UTP3 distribution cable. 
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...Abstract: over an amplified 1:64 split ODN, with approximately 40 
customer premises connected to one ONU , enables a maximum available 
capacity per IUP of400 kbit/s downstream and 100 kbit/s upstream and 
peak rates of 32 Mbit/s downstream and 8 Mbit/s upstream . The total 
number of customers that can be connected to this system is approximately 
2400... 

...Identifiers: ONU ; 
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...Abstract: based ATM access network which can support a large number of 
subscriber optical network units ( ONU ), up to 2048, and cover a distance 
of 100 km. This contribution shows detailed results of upstream 
experiments carried out on newly developed fast switching and 
gain-controlled optical repeater units (ORU. . . 

...to the introduction of cascaded SOA. Experimental results confirm that a 
SuperPON can service 2048 ONU over a distance of 100 km. 
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.Abstract: A bit rate of 2.5 Gbit/s is distributed to the optical 



network units ( ONU ) by time-division multiplexing (TDM) in the 
downstream direction, whereas a time-division multiple access (TDMA) 
protocol is used to share the 311-Mbit/s upstream bit rate. Optical 
repeater units (ORUs) are integrated in the network to compensate for the 

. . .Identifiers: downstream direction. . . 

...Mbit/s upstream bit rate 
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...Abstract: its feasibility is investigated. GTTH is based on PON 
architecture and offers a very large downstream capacity of 2.5 Gb/s. 
Thus, various broadband communication services and digital video 
broadcasting. . . 

... their signal formats, protocols and transfer modes. In order to reduce 
the cost of GTTH- ONU , a high-speed CMOS DMUX IC, a waveguide PIN-PD and a 
one-chip receiver... 

...Identifiers: very large downstream capacity... 
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...Abstract: address up to 2048 ONUs, the whole set of ONUs delivering a 

total STM-16 downstream capacity while a 2 STM-1 capacity would be 

available for the upstream . A feeder section up to 90 km and a 
distribution part up to 10 km. . . 

...Identifiers: ONU ; ... 

...STM-16 downstream capacity 
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...Abstract: single optical source is shared by all subscribers. An 
optical modulator at each terminal impresses upstream data on portions of 
the downstream signals. Modulator choice is flexible and depends on 
customer willingness to pay for performance. We demonstrate this 
flexibility in a testbed with two optical network units (ONUs) . One ONU 
includes a low-cost, low-performance micro-machined mechanical modulator 
while the other includes a... 

...Identifiers: upstream data... 

. . . downstream signals. . . 
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...Abstract: address up to 2048 ONUs, the whole set of ONUs delivering a 
total STM-16 downstream capacity while a 2 STM-1 capacity would be 
available for the upstream . A feeder section up to 90 km and a 
distribution part up to 10 km. . . 
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...Abstract: provides broadband switched services. A central office (GO) 
is connected to multiple optical network units ( ONU ) through a shared 
access fiber and a passive router in a remote node (RN) . A. . . 

...sends data simultaneously on all wavelengths; spectral slicing and a WDM 
receiver is employed for upstream connectivity. The WDM layout ensures 
independent virtual point-to-point links up-and downstream ; expensive 
components are shared among all ONUs; and the wavelength control problem 
becomes very simple. The ONU is built with inexpensive commercially 
available components. Aggregate rates of several Gbps downstream and 
several hundred Mbps upstream can be realized. 
...Identifiers: upstream connectivity 
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Publication Year: 1999 

CODEN: JLTEDG ISSN: 0733-8724 
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Abstract: For low cost passive optical access networks (PON), we have 
studied the downstream delivery of an additional greater than 1 Gb/s in 
the passband above the 155... 

...switched multimedia services, i.e., digital video, data, and audio. For 
switched services, the baseband upstream will be the return path. 
Furthermore, the passband can be used to provide a dedicated. . . 

...a 155 Mb/s baseband system, and is compatible with baseband only optical 
network unit ( ONU ). We multiplexed a 155.52 Mb/s baseband signal with 
quadrature phase shift keying (QPSK. . . 
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Delivery of $GRT1 Gb/s (digital video, data, and audio) downstream in 
passband above the 155-Mb/s baseband services on a FTTx full service access 

For low-cost passive optical access networks (PON), we have studied the 
downstream delivery of an additional $GRT1 Gb/s in the passband above the 
155-Mb/s. . . 

. . .a 155-Mb/s baseband system, and is compatible with baseband only optical 
network unit ( ONU ). We multiplexed a 155.52-Mb/s baseband signal with 
QPSK modulated passband $GRT1.2... 
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. . . large range high-splitting ratio high-speed passive optical networks 
(SuperPONs) . Optical amplification of both upstream and downstream 
traffic is necessary to sustain these configurations with several 
amplifiers in series throughout the network. . . 

...an EU-ACTS project, was developed to operate at 2-5 Gbit/s in the 
downstream direction (from the head-end to the user optical network unit 
or ONU ) and at 311 Mbit/s in the upstream . A laboratory-based system 
demonstrated the feasibility of the SuperPON concept over a span of 100 km 
to support a potential 2,048 optical network units. The downstream 
utilised erbium-doped fibre amplifiers (EDFAs) whereas in the upstream 
the use of burst-mode semiconductor optical amplifiers (SOAs) minimised 
noise funneling effects. Simulation results are presented in this paper for 



the upstream SOA cascade. Data are provided for the evolution of both the 
signal power and the. . . 

... of the noise figure with input power. Dispersion at 1300 run, the 
possibility of another ONU ranging during the upstream transmission 
together with non-linear effects in fibre and optical amplifier were 
ignored. Complete polarisation. . . 

... the transmitted ASE spectra for both "ones" and "zeros". The model was 
run against an upstream architecture for 1, 2 and 3 CW-operated SOAs in 
cascade. These architectures had been... 
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...Abstract: system is considered. Dynamic time slot multiplexing based on 
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according to service changes. The effectiveness of dynamic time slot 
multiplexing is calculated and. . . 

. . . TCM/TDMA frame structure and an access protocol enabling dynamic time 

slot multiplexing are proposed. ONU bandwidth is dynamically assigned 
by using a set of pointers. The ONU access protocol causes no 
interruption to operating ONUs on the same PDS system during the 
configuration or reconfiguration of an ONU . The access time is 
analyzed to estimate the performance of the access protocol. The 
probability. . . 



28/3, K/l (Item 1 from file: 2) 

DIALOG (R) File 2 : INSPEC 

(c) 2002 Institution of Electrical Engineers. All rts. reserv. 

7039459 INSPEC Abstract Number: B2001-10-6260F-052, C2001-10-5620L-051 
Title: Ethernet PON (ePON) : Design and analysis of an optical access 
network 

Author(s): Kramer, G.; Mukherjee, B.; Pesavento, G. 

Author Affiliation: Dept. of Comput . Sci . , California Univ., Davis, CA, 
USA 

Journal: Photonic Network Communications vol.3, no . 3 p. 307-19 
Publisher: Kluwer Academic Publishers, 

Publication Date: July 2001 Country of Publication: USA 

CODEN: PNCOF9 ISSN: 1387-974X 

SICI: 1387-974X (200107) 3: 3L. 307: EEDA; l-# 

Material Identity Number: H361-2001-003 

U.S. Copyright Clearance Center Code: 1387-974X/2001/$19 . 50 
Language: English 
Subfile: B C 
Copyright 2001, IEE 
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...Abstract: of services offered over the Internet, the "last mile" 
bottleneck problems continue to exacerbate. A passive optical network 
(PON) is a technology viewed by many as an attractive solution to this 
problem. In. . . 

. . . ratio. This architecture uses the time-division multiplexing (TDM) 
approach to deliver data encapsulated in Ethernet packets from a 
collection of optical network units (ONUs) to a central optical line 
terminal (OLT) over the PON access network . The OLT, in turn, is 
connected to the rest of the Internet. A simulation model... 

. . . queue occupancy. Then, we discuss the possibility of improving the 

bandwidth utilization by means of time - slot size adjustment, and by 
packet scheduling. 

...Descriptors: optical fibre LAN... 

... optical fibre subscriber loops... 

. . .telecommunication network planning 
Identifiers: Ethernet PON... 

. . . optical access network ; ... 
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. . . Ethernet packets. . . 
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. . . optical line terminal . . . 
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meet the requirement of real-time video multicasting filtering based on. . . 
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. . . new motivation for the use of REA, as well as a more general 
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period. The image processing system including a frame grabber was used. 
Selected discrete images showing the flow pattern development were 
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Title: Integrated framework for software prototyping. 
Author: Chen, Jijun; Wang, Junyen; Kuo, Jeremy 
Abstract: An integrated framework for software prototyping is 
presented. The theme of the work is the integration of an... 
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... Test. Simulated data patterned after the observed item difficulties 
were also analyzed to form a frame of reference against which to judge 
the accuracy of the equating 
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TITLE: Industry veterans launch newest optical access firm 
AUTHOR: Gimpelson, Terri 

SOURCE: Network World, vl8 n22 p38(l) May 28, 2001 
ISSN: 0887-7661 

HOMEPAGE: http: //www . nwf usion . com 

RECORD TYPE: Review 
REVIEW TYPE: Company 

REVISION DATE: 20010830 

PRODUCT NAMES: Company - Salira Optical Network Systems Inc.. 

TITLE: Industry veterans launch newest optical access firm 

Salira Optical Network Systems, the provider of an EtherNet over PON 
product, is a new company that aims to 'develop products that would let 
carriers provision optical EtherNet access to the Internet. 1 Salira was 
founded by industry heavyweights CEO Herb Martin, CTO Wei... 

...13 patents pending and seven more under review. Martin says Salira wants 
to provide its optical access at the media access control (MAC) layer. He 
says EtherNet has many advantages over ATM, including cost advantages, 
intrinsic bandwidth advantages with EtherNet , and the ability to scale 
from 1 . 25Gbit/second up to 10Gbit /second and beyond. Martin also says 
EtherNet provides streamlined service provisioning, more dynamic bandwidth 



allocation, and ! de facto parity with ATM on... 

. . .Multi- protocol Label Switching, VPNs, video, voice and data, all of 
which will use an EtherNet -based passive optical network . Martin 
calls EtherNet over PON a 'technology enabler for carriers. 1 Alloptic is 
Salira 1 s biggest competitor and also calls itself a pioneer in development 
of EtherNet PONs. An analyst says Salira could provide the industry with 
many positive innovations, including 'dynamic... 

COMPANY NAME : Salira Optical Network Systems Inc.. 

DESCRIPTORS: Optical Networks ; LANs; Network Software; EtherNet 
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Digital optical receiver for burst signal transmission in PON - 
converts optical to electric signal, amplifies to preset level to 
provide two signals, gives two logical decision signals with intermediate 
values between amplifier signals amplitude values and logic signal based 
on decision signals 

Patent Assignee: NEC CORP (NIDE ) 

Inventor: SAITO T 

Number of Countries: 006 Number of Patents: 003 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

EP 729243 A2 19960828 EP 96301276 A 19960226 199639 B 

JP 8293838 A 19961105 JP 9634683 A 19960222 199703 

US 5822104 A 19981013 US 96606377 A 19960223 199848 
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Designated States (Regional) : DE FR GB PT 
JP 8293838 A 11 H04B-010/28 

US 5822104 A H04B-010/06 



Digital optical receiver for burst signal transmission in PON. . . 

...converts optical to electric signal, amplifies to preset level to 
provide two signals, gives two logical decision. . . 

. . .Abstract (Basic) : The digital optical receiving circuit includes an 
opto-electric convertor for converting an optical signal into an 
electric signal. An amplifier (3) amplifies the signal to a 
predetermined level... 

...USE/ADVANTAGE - For use with PON, optical transmission system or 
optical Ethernet communication system. Minimises degradation of 
signal amplitude... 

...Title Terms: OPTICAL ; 
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Packet data communication system changes specified packet receiving time 
slots corresponding to packet size, by using generated setting 

modification signals 
Patent Assignee: NEC CORP (NIDE ) 
Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

JP 2001111588 A 20010420 JP 99283879 A 19991005 200139 B 

Priority Applications (No Type Date) : JP 99283879 A 19991005 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
JP 2001111588 A 8 H04L-012/44 

Packet data communication system changes specified packet receiving time 

slots corresponding to packet size, by using generated setting 
modification signals 

Abstract (Basic) : 

... OSU and ONU control sections (38,62M) set maximum packet size 

(50M, 80M) and transmits packets, based on. . . 

...on preset reference signals. Based on signals (52,82m), control section 
(37) changes specified receiving time slots of packets related to 
packet size and receives preset modified time slot. 
ONU control section (62M 
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Protocol with reserved time frame slots for optical fiber communication 
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Patent No Kind Date Applicat No Kind Date Week 
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Priority Applications (No Type Date) : DE 1055908 A 19971216 
Patent Details: 
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DE 19755908 Al H04L-029/06 
Abstract (Basic) : 

The optical fiber network has a number of communication cables ( 
ONU 1-.) that are connected to a hub (HUB). Coupled onto the cables 
are subscriber modules (STB 1..) and each of these are assigned 
reserved specific time slots for communication. The time slot 
assignment is made to an established protocol. 
... Optical fiber cables ( ONU 1... 
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Optical communication system with path characteristics monitoring 
function - judges existence of second packet arranged in sequential 
nonoverlapping time slots in optical signal received from ONU , when 
power margin of feeder fibre is above threshold value 

Patent Assignee: LUCENT TECHNOLOGIES INC (LUCE ) 

Inventor: FRIGO N J 

Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 5790293 A 19980804 US 95549588 A 19951027 199838 B 

Priority Applications (No Type Date) : US 95549588 A 19951027 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
US 5790293 A 8 H04B-010/12 

judges existence of second packet arranged in sequential 
nonoverlapping time slots in optical signal received from ONU , when 
power margin of feeder fibre is above threshold value 

...Abstract (Basic): The system includes a central terminal (10) and 
several optical network units ( ONU ) (18,20,22) connected through 
unidirectional feeder fibres (14,18), respectively. A transmitter (12) 
provided in the central terminal outputs amplitude varying optical 
signals to the ONU . The signal is divided into two packets with 
amplitude exceeding threshold value and lying between. . . 

...The first and second packets are set in sequential non overlapping time 
slots . A receiver (16) provided in the central terminal receives the 
signals transmitted from the ONUs . . . 



7/3, K/4 (Item 4 from file: 350) 

DIALOG (R) File 350: Derwent WPIX 

(c) 2002 Thomson Derwent. All rts. reserv. 



011585016 **Image available** 

WPI Acc No: 1998-002145/199801 

XRPX Acc No: N98-001689 

Optical network unit for data packet reception among reference pulses 
has reference pulses extractor, from received signal mixture, for 
synchronisation with data stream generated for transmission 
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.Abstract (Basic) : mixtures of reference pulses from a central laser 
diode (LAS) and data packets transmitted in time slots between the 
reference pulses... 



...Each ONU has a processor (UNIT1) checking for the presence of data 
packets within the mixtures of... 

9 
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Data frame associated status information storing method in packet 
switched network, involves determining presence of one complete stored 
frame in buffer memory, asynchronously 

Patent Assignee: ADVANCED MICRO DEVICES INC (ADMI ) 

Inventor: KUO J C ; LAI P; NIU A J 

Number of Countries: 001 Number of Patents: 001 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 6154796 A 20001128 US 98146168 A 19980903 200118 B 

Priority Applications (No Type Date): US 98146168 A 19980903 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
US 6154796 A 13 G06F-013/14 

Data frame associated status information storing method in packet 
switched network, involves determining presence of one complete stored 
frame in buffer memory, asynchronously 
Inventor: KUO J C . . . 

Abstract (Basic) : 

The frame and corresponding status information are written in 
random access buffer memory. The written information is... 

...and input to register, based on another independent clock. The presence 
of one complete stored frame in memory is determined asynchronously 
and the written stored information are stored, selectively. 

For buffering data between host bus interface and media access 
controller accessing ethernet media... 

...status information in a holding register, the read controller may 

quickly examine whether the data frame should be read or discarded. 
Offers faster access speeds, smaller memory sizes and faster flushing 

...Title Terms: FRAME ; 
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Bit comparison result output method involves supplying long bit value 
selectively to one of the memory controller which is configured for 
reading data frame based on host bus clock 

Patent Assignee: ADVANCED MICRO DEVICES INC (ADMI ) 

Inventor: KUO J C ; LAI P; NIU A J 

Number of Countries: 001 Number of Patents: 001 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 6105079 A 20000815 US 97993058 A 19971218 200063 B 

Priority Applications (No Type Date) : US 97993058 A 19971218 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
US 6105079 A 14 G06F-013/14 



bit value selectively to one of the memory controller which is 



configured for reading data frame based on host bus clock 
Inventor: KUO J C . . . 

Abstract (Basic) : 

... is supplied selectively to one of second memory controller which 

is configured for reading data frame from buffer memory onto host bus 
based on host bus clock. Memory location in buffer memory is reserved 
for storing status information related to data frame based on 
presence of at least one data frame in memory. 

Length of data frame received from network is determined and 
long bit comparison result is selectively generated based on comparison 
result of data frame length and preset threshold value. The first 
memory controller is configured to store data frame in buffer memory 
based on network clock. An INDEPENDENT CLAIM is also included for 
network. . . 

...For buffering data between host bus interface and media access 

controller accessing ethernet media and for transmission of data 
packets between host computer and network communication system such. . . 

...Even though less than one complete frame is stored in RAM, on 

receiving long bit comparison result, a host bus transfer interrupt is 
initiated for corresponding data frame . 

...Title Terms: FRAME ; 
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Data frame storage monitoring method in buffer memory, involves 
updating header information in portion of prescribed location in random 
access memory reserved 

Patent Assignee: ADVANCED MICRO DEVICES INC (ADMI ) 

Inventor: KUO J C ; LAI P; NIU A J 

Number of Countries: 001 Number of Patents: 001 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 6128308 A 20001003 US 97993063 A 19971218 200059 B 

Priority Applications (No Type Date) : US 97993063 A 19971218 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
US 6128308 A 11 H04L-012/54 

Data frame storage monitoring method in buffer memory , involves 
updating header information in portion of prescribed location. . . 
Inventor: KUO J C ... 

Abstract (Basic) : 

... of prescribed location in random access memory is reserved for 

header information corresponding to a frame received from a host 
computer bus. The frame is then written in another portion of the 
prescribed memory location. The memory location portion... 

... so that a single bit of counter value changed, in response to 

the storage of frame in the prescribed location using write 
controller. The frame is then read using a read controller and the 
signal is supplied to another counter. . . 

...counter is changed. The counter values are compared to determine 

presence of stored at a frame in random access memory and comparison 
result indicating the presence of less than one complete frame and 
the presence of one frame is generated. . . 

...For buffering between host bus interface and media access controller 



accessing ethernet media for network interfacing... 
...Title Terms: FRAME ; 
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Data frame processing for interface device used in packet switched 
network such as an Ethernet network, uses the presence of a data frame 
determined based on storing and reading procedures 

Patent Assignee: ADVANCED MICRO DEVICES INC (ADMI ) 

Inventor: KUO J C ; LAI P; NIU A J 

Number of Countries: 001 Number of Patents: 001 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 
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Data frame processing for interface device used in packet switched 
network such as an Ethernet network, uses the presence of a data frame 
determined based on storing and reading procedures 
Inventor: KUO J C . . . 

Abstract (Basic) : 

The presence of at least one data frame stored in the RAM is 
asynchronously determined based on the storing and reading procedures 
utilized. . . 

...the synchronization circuit. The initial tracking information and the 
tracking information of the read data frame are selectively stored 
into the holding register if a stored data frame exists and the 
stored tracking information indicating a read status. 

... A write controller, operating according to a first clock, is 

used to store each data frame received by the network interface 
device and the corresponding tracking information into a random access 



...holding register. A read controller, operating according to an 

independent clock, then reads the data frame from the RAM, after 
which the corresponding tracking information is supplied to the 
synchronization circuit. . . 

...For interface device used packet switched network e.g. Ethernet 
network. . . 

...operations to and from RAM to enable efficient memory management for 

monitoring status of stored frame data... 
...Title Terms: FRAME ; 
o 
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02574141 

La liaison rapide Normandie-Paris enfin sur les rails 

(Fast train link between Paris and primary cities of Normandy is being 
planned; approximate cost will be FFr4.5 bil) 

Echos, p 26 
September 13, 1999 

DOCUMENT TYPE: Business Newspaper (France) 
LANGUAGE: French RECORD TYPE: Abstract 

ABSTRACT: 

...government, the Ile-de-France regional government, and the two Normandy 
regional governments. The time frame has yet to be agreed, although 
construction will begin during the period covered by the... 

...in the Ile-de-France area, namely installing four tracks between 
Mantes-la- Jolie and Epone , a new line between Epone et Acheres, and a 
link between Saint-Lazare station, Paris, and the Eole network. This... 
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01501348 (USE FORMAT 7 OR 9 FOR FULLTEXT) 
Merger mediators appointed 

(Mediators are chosen to supervise upcoming restructuring of Dutch 
electricity sector) 

European Energy Report, n 4 60, p 18 
May 24, 1996 

DOCUMENT TYPE: Newsletter ISSN: 0261-2259 (United Kingdom) 
LANGUAGE: English RECORD TYPE: Fulltext 
WORD COUNT: 500 

ABSTRACT: 

...investment fund and H Langman, a member of the supervisory board of 
regional electricity producer EPON . The four regional producers and their 
umbrella organization SEP will merge to create a single large-scale 
electricity company. A framework for this reorganization is supposed to 
be ready by end-1997. SEP thinks the merger... 
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02826316 (USE FORMAT 7 OR 9 FOR FULLTEXT) 
Glassner's Mesopotamian chronicles 

Brinkman, J A 

Journal of the American Oriental Society (PJOS) , vll5 n4, p667-670 
Oct 1995 

ISSN: 0003-027 9 JOURNAL CODE: PJOS 

DOCUMENT TYPE: Book Review-Favorable 

LANGUAGE: English RECORD TYPE: Fulltext; Abstract 

WORD COUNT: 3130 LENGTH: Long (31+ col inches) 

TEXT: 

point to note the variant chronology in the Black Obelisk rather 
than to revise the eponym chronicles to fit the chronological framework 
of the other text. 

30 The very small chronological chart (p. 269) is insufficiently 
detailed. . . 
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Separation of caveolae from associated microdomains of GPI-anchored 
proteins 

Schnitzer, Jan E; Mcintosh, Deirdre P; Dvorak, Ann M; Jun Liu; Oh, Phil 
Science (GSCI), v269 n5229, pl435-1439 
Sep 8, 1995 

ISSN: 0036-8075 JOURNAL CODE: GSCI 

DOCUMENT TYPE: Feature 

LANGUAGE: English RECORD TYPE: Fulltext; Abstract 

WORD COUNT: 414 7 LENGTH: Long (31+ col inches) 

TEXT: 

agarose volume ratio of 1:3. The suspension was transferred by 
capillary action into a frame prepared from two glass slides separated at 
each end by two cover slips (0.17 mm thick). After cooling immediately to 
solidify the agarose, the frame was removed and the agarose cut into 2-mm 
squares, which were then incubated in. . . 

...min each), incubated for 1 hour with 1% OsO sub 4 , dehydrated, and 
embedded in Epon . Ultrathin sections were cut, stained with 1% lead 
citrate, and viewed under a Philips P. . . 
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03625812 SUPPLIER NUMBER: 16929554 

Hotel highs (and lows) . (staying at fine hotels) (Pleasure & Its Perils) 

Rusher, William A. 

National Review, v47, n8, p48(2) 

May 1, 1995 

ISSN: 0028-0038 LANGUAGE: English RECORD TYPE: Fulltext; Abstract 

WORD COUNT: 819 LINE COUNT: 00093 

... afraid, for the Hotel Savoy in Cuzco, Peru. Any resemblance between 

this hostelry and its eponym on the Strand in London is strictly 
imaginary. It is 12,500 feet up on... 

...a plate. Another feature of the Savoy was more endearing. Behind my door 
was a framed series of warnings on various subjects, posted there by the 
hotel staff and written in... 
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03513476 SUPPLIER NUMBER: 15959530 

Tissue-specific targeting of retroviral vectors through ligand- receptor 
interactions . 
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... to delete the intervening envelope sequence and allow the EPO 

sequence to be inserted, in frame , at the [NH . sub. 2] -terminal end of 
gp70. The EPO cDNA sequence coding for... 

...could be inserted by means of the appropriate restriction sites while 
maintaining the proper reading frame . We also made a second construct 
containing EPO in the central portion of gp70 (between ... conjugated swine 
antibody to goat IgG (CalTag) as the secondary antibody. (20.) Polyclonal 



antiserum to EPOno . 8C295 (Amgen) and f luorescein-conjugated secondary 
antibodies (CalTag) were used for flow cytemetry, carried out... 
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assessment and surveillance of the food supply. The ad hoc Expert 
Panel on Nutrition Monitoring ( EPONM ) was established by the Life 
Sciences Research Office of the Federation of American Societies for. . . 

. . . DHHS is the second report on the National Nutrition Monitoring System. 
It builds on the framework of the report developed by the Joint Nutrition 
Monitoring Evaluation Committee (JNMEC) in 1986. 
CHARGE ... 
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electricity is traded in the Netherlands, other significant changes 
are occurring outside the proposed legal framework . In particular the 
Minister has pushed on with his desire to create a single united. . . 

...producer - as a result of merging the four existing large producers, 
EPZ, EZH, UNA and EPON . 

This entity, known as the GPB, will supply approximately 76% of 
national electricity requirements. As... 
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System to provide new object-orientated development facilities and 
applications for data warehouse applications... AXION NETWORKS has 
launched Lanservant Flexiprobe, a dual-port model for simultaneous RMON 
monitoring of two Ethernet LAN segments... EXTENDED SYSTEMS UK has 
announced its JetEye infra-red product range to support... 

. . .VO) to allow Xbase users to move applications to a Windows client/server 



environment... ANDREW NETWORK PRODUCTS has introduced Emerald Client for 
Windows, a 5250 emulator and file transfer client software... 

...a new product for fast, flexible token ring bridging which can forward 
18000 64-byte frames a second. . . DIGI INTERNATIONAL has introduced new 
ISDN WAN connectivity options through four products including ISDN terminal 
adaptors, network interfaces and group connectivity bridges... ARCHWAY 
INFORMATION TECHNOLOGY has launched Triticom Inc ! s, MasteRMON distributed 
network monitoring software which displays the activity of a selected 
Ethernet or Token-Ring LAN segment through the use of RMON agents... 
ANDREW NETWORK PRODUCTS has previewed its new Bridgeport 111 12 compact MAU 
bridge, billed as a low-cost... 

...unit ideal for satellite branch offices where space is limited but 
integration into the enterprise networks is essential — the unit is an 
integrated bridge and frame relay switch in one box offering flexible 
operation in a single unit with seven ports... 

...cleaner which is designed to ensure totally dirt and lint-free field 
connections for optimum optical signal transmission quality. . . XIRCOM 
EUROPE NV has cut the suggested retail price on the CreditCard Ethernet 
+Modem 2 PC Card Adapter by as much as 26% with the SRP of its... 

. . .monitor with a UK RRP of GBP199 — the unit has built -in fittings for 
optional passive speakers which clip on directly at either side of the 
monitor and following the curves... 

...release of a XM534 module for its GigaHUB product family which provides 
store and forward Ethernet switching technology and FDDI backbone 
connectivity... FRAME COMMUNICATIONS LTD in the UK reports that its 
latest software release for RADCOM WAN/LAN analysers supports over 14 0 
protocols and all popular interfaces... FRAME COMMUNICATIONS LTD, the 
distributor for Radcom (Rad-Group) has announced the availability of the 
4/16Meg Token Ring Interface for the RC-100WL portable WAN/LAN analyser. . . 
FRAME COMMUNICATIONS LTD has announced DPNSS decode for its P. 7. Series 
portable test equipment for. . . 

...a new range of ISDN products that allow the integration of digital fines 
within existing network infrastructures... NOVELL has announced that 
PerfectOffice 3.0 buyers in the UK and Eire will... 

...is not sponsored or endorsed by Microsoft Corp... MERCURY ONE-2-ONE, a 
UK PCN network operator, has cut the cost of its M150 handset to GBP4 9.99 
on the business... 

...Server which allows remote users to search and retrieve documents stored 
in their organisation's network document management system... K-NET, a UK 

networking integrator, has launched its CellStack Video stackable ATM 
adaption unit which allows multiple adaption devices... 

...MAKE SYSTEMS in the UK has launched v. 23 of its NetMaker XA suite of 
network decision tools with a new feature including plug-in functional 
toolsets and monitoring applications... RGB Trinet has launched the latest 
version of the Network Management System from US based Castle Rock 
Computing — SNMPc version 4.0 — a complete rewrite of code which offers 
substantially enhanced operation and functionality over earlier versions to 
automate network monitoring... CASTELLE INC has announced enhancements to 
its LANPress and JetPress line of print servers... 

...users to configure an IP route for enhanced security when using edge 
routing techniques for network segmentation... HOLLAND HOUSE ...system 
with new features increasing operational power, ease-of-use and simplified 
licensing conditions... KENSON NETWORK ENGINEERING in the UK has 
introduced v2 . 0 of Netvix — a network diagramming computer software 
package with new features including resource location, table form views, 
query facilities... 

...real guarantee of performance on-site... PHOENIX DATACOM LTD in the UK 
is now offering Network General's new Database Module product which 



allows the Sniffer Network Analyser and Distributed Sniffer System to 
optimise performance and aid management of distributed 0RACLE7 relational 
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from designing space launch systems, a team of engineers at 
NASA-MFSC designed a T- frame monocoque racing wheelchair frame which 
weighs only 2.2 lb. Using AS4/12K and Shell's Epon 9405/ 9470, the frame 

consists of a filament-wound main tube which connects the composite 
tubular axle for the... 
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relation to the fuel consumed - will make the new plant the most 
efficient in Europe, Epon says. The 109F unit incorporates the Frame 9F 
gas turbine, jointly developed by GEC Alsthom ! s subsidiary, European Gas 
Turbines, and General Electric of the US. According to GEC Alsthom, the 
Frame 9F is the most powerful gas turbine in the world. It is specifically 
designed for. . . 
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...TEXT: office terminal CU — Channel unit (Line unit) CTU — Channel test 
unit (MTAU) DCN — Data communications network DTH — Drop test head 
HDT — Host digital terminal IDLC — Integrated digital loop carrier 
IDT — Integrated digital terminal LMOS — Loop maintenance operating system 
LTF — Loop test frame (MLT-1) LTS — Loop test system (MLT-2) LU — Line unit 
(Channel unit) MCU — Metallic... 

... unit (CTU) MUX — Multiplexer (DS-1 to DS-3 or higher) NTT — Numbered test 
trunk ONU — Optical network unit PDN — Passive distribution network 
PGTC — Pair gain test controller PSN — Public switched network RT — Remote 
terminal RTU — Remote test unit SP — Signature presentation device TSI — Time 
slot interchanger . . . 
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...TEXT: manage the bandwidth as required. If all 48 channels are not 
needed at a given ONU , time slots can be electronically assigned to 
appear at another location and thus eliminate the stranded bandwidth... 

9 
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...TEXT: based service providers to support customers 1 multiservice needs. 

Put simply a PON consists of an optical line terminal (OLT), which 
resides at the central office (CO) or a point of presence (POP), and an 
optical network terminal (ONT) located on or near the subscriber. The 

ONT provides the various service interfaces, such as Ethernet or DS1, to 
users. In the downstream path, a passive optical coupler, which can 
be located anywhere between the OLT and ONT, slices the light to serve as 
many as 32 end points and, in the upstream direction, combines the light. 
Some couplers might split the optical power evenly, others might do a 
directional split where, say, 90 percent of the power. . . 
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... multi-service needs. 

2 PON: Sharing the Light 

Put simply, a PON consists of an optical line terminal (OLT), which 
resides at the central office (CO) or a point of presence (POP), and an 
optical network terminal (ONT) located on or near the subscriber. The 
ONT provides the various service interfaces, such as Ethernet or DS1, to 
users. In the downstream path, a passive optical coupler, which can 
be located anywhere between the OLT and ONT, slices the light to serve as 
many as 32 end points and, in the upstream direction, combines the light. 
Some couplers might split the optical power evenly, others might do a 
directional split where, say, 90 percent of the power. . . 
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TEXT: 

Wave7 Optics, Inc., an innovative 

developer of optical access equipment for the f iber-to-the-home and 
business 

(FTTX) market, today announced that... 

...will join the Wave7 board of directors. 

Wave7 is developing a high-bandwidth, dynamically provisionable, 



optical 

access system to address the "last mile" of broadband Internet 
connectivity, a 

market projected to reach $3.8 billion by 2004. Wave7's first suite of 
optical 

access products, Last Mile Link(TM) effectively eliminates the current cost 
and implementation barriers faced by network operators in deploying 
Fiber-to-the-Home (FTTH) and Fiber-to-the-Business (FTTB) solutions... 

...of funding will enable Wave7 to move its recently introduced Last Mile 
Link 

suite of optical access products into the market, supporting the field 
trial 

activity and full network deployment currently underway." 

The Last Mile Link architecture is standards-based, cost-competitive 

with 

current . . . 

...fiber counts, limited distance range and high equipment costs of 
competing FTTX solutions, such as passive optical networks (PONs) in 
new 

residential applications, and the Last Mile Link architecture is ideal in 
business . . . 

. . . customers . 

"Wave7 is enabling home and business users to finally realize the full 
advantages of optical access for video, high-speed data and telephony 
services 

by addressing the core obstacles of... 

...advantages over others in the industry trying to 

address the lucrative f last mile' of communications networks . " 

Wave7 Optics* Last Mile Link advanced optical access system provides 
video 

(CATV and digital, including IP streaming), high-speed data and telephony 

...demand symmetrical data rates of up to 500 Mb/sec/subscriber, using 
standards-based Gigabit Ethernet on single fiber. When compared to 
conventional DOCSIS 1.1 standards for cable modems, which offer a peak 

upstream data capability of 10 Mb/sec and an average of .034 Mb/sec per 
sub. . . 

...with the rapid progress Wave7 

has made in deploying a system that can provision Gigabit Ethernet to the 
edge 

of the metro network ," said Robert (Robin) Bellas, general partner at 
Morgenthaler . "With soon-to-be announced OEM and customer contracts, Wave7 
is 

set to capture the major opportunities that clearly exist in the optical 
access market . " 

About Wave7 Optics 

Wave7 Optics, Inc., a privately held company headquartered in 
Alpharetta . . . 



File 16: Gale Group PROMT (R) 1990-2002/Apr 25 

(c) 2002 The Gale Group 
File 160:Gale Group PROMT (R) 1972-1989 

(c) 1999 The Gale Group 
File 47:Gale Group Magazine DB (TM) 1959-2002/Apr 24 

(c) 2002 The Gale group 
File 80:TGG Aerospace/Def . Mkts (R) 1986-2002/Apr 24 

(c) 2002 The Gale Group 
File 148: Gale Group Trade & Industry DB 1976-2002/Apr 25 

(c)2002 The Gale Group 
File 634: San Jose Mercury Jun 1985-2002/Apr 24 

(c) 2002 San Jose Mercury News 
File 635:Business Dateline (R) 1985-2002/Apr 26 

(c) 2002 ProQuest Inf o&Learning 
File 647:CMP Computer Fulltext 1988-2002/Apr Wl 

(c) 2002 CMP Media, LLC 
File 674 : Computer News Fulltext 198 9-2002/Apr W4 

(c) 2002 IDG Communications 
File 810:Business Wire 1986-1999/Feb 28 

(c) 1999 Business Wire 
File 696: DIALOG Telecom. Newsletters 1995-2002/Apr 25 

(c) 2002 The Dialog Corp. 
File 813: PR Newswire 1987-1999/Apr 30 

(c) 1999 PR Newswire Association Inc 



Set 


Items 


Description 


SI 


33 


ETHERNET { ) PASSIVE ( ) OPTICAL? ( ) NETWORK? 


S2 


595 


EPON?? 


S3 


655764 


FRAME? 


S4 


253 


ETHERNET ( S ) PASSIVE ( S ) OPTICAL? ( S ) NETWORK? 


S5 


3 


ONU(S) FRAME? ( S ) OPTICAL? ( S ) NETWORK? 


S6 


1 


ONU(S) TIME () SLOTS 


S7 


1440 


S3 (S) (DOWNSTREAM? OR UPSTREAM? OR (DOWN OR UP) () STREAM? ) 


S8 


1 


(EPON OR EPONS OR ONU) ( S ) TIME ( 5N ) SLOTS 


S9 


61 


AU=(KUO J? OR KUO, J? OR GRUIA D? OR GRUIA, D? OR KRAMER 
OR KRAMER, G? OR PESAVENTO G? OR PESAVENTO, G?) 


S10 


28 


(SI OR S2 OR S4) (S)S3 


Sll 


7 


S10 NOT PY=>2000 


S12 


7 


RD Sll (unique items) 


S13 


4 


S5 OR S6 OR S8 


S14 


4 


S13 NOT PY=>2000 


S15 


4 


RD S14 (unique items) 


S16 


1 


S4 (S)S7 


S17 


6 


S4(S) (DOWNSTREAM? OR UPSTREAM? OR (DOWN OR UP) () STREAM?) 


S18 


6 


S17 NOT (Sll OR S13) 


S19 


0 


S18 NOT PY=>2000 


S20 


5 


RD S18 (unique items) 


S21 


0 


S9 (S) ETHERNET 


S22 


0 


S9 (S)ONU 


S23 


0 


S9 (S)EPON 



12/3, K/l (Item 1 from file: 16) 

DIALOG (R) File 16: Gale Group PROMT (R) 

(c) 2002 The Gale Group. All rts. reserv. 

05163867 Supplier Number: 47881430 (USE FORMAT 7 FOR FULLTEXT) 
ELECTRICITY IN THE NETHERLANDS: BALANCING LIBERALISATION WITH DEFENCE 

EC Energy Monthly, nl04, pN/A 
August 1, 1997 

Language: English Record Type: Fulltext 
Document Type: Magazine/ Journal; Trade 
Word Count: 2075 

electricity is traded in the Netherlands, other significant changes 
are occurring outside the proposed legal framework . In particular the 
Minister has pushed on with his desire to create a single united. . . 

...producer - as a result of merging the four existing large producers, 
EPZ, EZH, UNA and EPON . 

This entity, known as the GPB, will supply approximately 7 6% of 
national electricity requirements. As... 
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relation to the fuel consumed - will make the new plant the most 
efficient in Europe, Epon says. The 109F unit incorporates the Frame 9F 
gas turbine, jointly developed by GEC Alsthom's subsidiary, European Gas 
Turbines, and General Electric of the US. According to GEC Alsthom, the 
Frame 9F is the most powerful gas turbine in the world. It is specifically 
designed for. . . 
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Separation of caveolae from associated microdomains of GPI -anchored 
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... agarose volume ratio of 1:3. The suspension was transferred by 

capillary action into a frame prepared from two glass slides separated at 
each end by two cover slips (0.17 mm thick). After cooling immediately to 
solidify the agarose, the frame was removed and the agarose cut into 2-mm 
squares, which were then incubated in. . . 

...each), incubated for 1 hour with 1% Os 0.sub.4|, dehydrated, and 
embedded in Epon . Ultrathin sections were cut, stained with 1% lead 
citrate, and viewed under a Philips P. . . 
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... to delete the intervening envelope sequence and allow the EPO 

sequence to be inserted, in frame , at the [NH . sub . 2 ] -terminal end of 
gp70. The EPO cDNA sequence coding for... 

...could be inserted by means of the appropriate restriction sites while 
maintaining the proper reading frame . We also made a second construct 
containing EPO in the central portion of gp70 (between ... conjugated swine 
antibody to goat IgG (CalTag) as the secondary antibody. (20.) Polyclonal 
antiserum to EPOno . 8C295 (Amgen) and f luorescein-conjugated secondary 
antibodies (CalTag) were used for flow cytemetry, carried out... 



12/3, K/5 (Item 1 from file: 148) 

DIALOG (R) File 148:Gale Group Trade & Industry DB 
(c)2002 The Gale Group. All rts. reserv. 

06486944 SUPPLIER NUMBER: 14010796 (USE FORMAT 7 OR 9 FOR FULL TEXT) 

Eemscentrale GTCC station will generate 1675 MWe. (Netherlands gas- turbine 
combined- cycle power station) (includes fold-out wall chart) 

Modern Power Systems, vl3, n5, p43(4) 
May, 1993 

ISSN: 0260-7840 LANGUAGE: ENGLISH RECORD TYPE: FULLTEXT; ABSTRACT 

WORD COUNT: 2960 LINE COUNT: 00252 

TEXT: 

Five 350 MWe gas turbine combined cycle power plant units of the 
latest Frame 9FA design will be installed at EPON 1 s Eemscentrale site 
on the northern coast of the Netherlands, close to the German border... 

all the mechanical and electrical equipment for the power train, 
including the five 350 MWe Frame 9 FA combined cycle units, as well as 
performing the process and installation design in close co-operation with 
the project team of EPON , which will contribute their extensive operation 
and maintenance expertise. 

For the exhaust heat recovery boilers... 
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. . . manner of testing, it is widely ignored. This is not surprising, 

for it lacks an eponym , and its title implies an inappropriate frame of 
reference . 

Rather than being a narrow principle that refers to receivers, 
operators, or characteristics... 
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TEXT: 

AUI: Attachment Unit Interface, the 15-pin connector on an Ethernet 
card that allows the connection of a transceiver or media access unit. 
Bus: A network topology that places nodes along a straight line. 
10Base2, for instance, is a bus topology. Dialup: A telephone connection 
used to access a host or network . 802.3: The Institute of Electrical and 
Electronic Engineers 1 (IEEE's) designation for Ethernet networking 
protocol. Ethernet : An extremely popular local area networking scheme 
that uses the CSMA/CD (Carrier Sense Multiple Access /Collision Detection) 
method to allow workstations to access the network . This can be compared 
to conversation at a crowded table. Carrier Sense listens for a... 
. . .Collision Detection asks one individual to repeat if another party 
spoke at the same time. Frame : A data packet with defined fields, or 
specially defined groups of bits used for a... 

...the address of a receiver. Hub: A common connection point for nodes in 
a star network topology. Hubs can be passive , requiring no external 
power, or active, requiring external power to perform functions such as 
amplifying. . . 

...that have been weakened. Also called a concentrator. IPX: Internet 
Packet exchange, part of the networking protocol used by Novell's 
NetWare. LAN: A local area network , a group of network nodes connected 
directly togetherQeither by cable, radio or laserQthat communicate 
directly with each other. MAU: Media access unit, a small box that fits on 
an Ethernet card's AUI connector. This allows it to connect to a medium 
other than thin coaxial cable, such as twisted pair cable or optical 
fiber. NDIS: Network Driver Interface Specification, Microsoft's 
specification for modular network drivers. NetDDE: Windows for 
Workgroups' ability to create DDE (Dynamic Data Exchange) links .across the 

network . NetBIOS: Network Basic Input/ Output System, the network 
protocol used by Microsoft's LAN Manager network operating systems. NIC: 

Network interface card, an adapter card that plugs into a PC to connect 
it to the network media. ODI : Open Data-link Interface, Novell's 
specification for modular network drivers. PCMCIA: The initials for 
Personal Computer Memory Card International Association. This refers to 
the. . . 

. . .of data that may be of any size but has some logical value in a 
networking scheme. Peer-to-Peer : A network in which workstations can be 
both clients and servers. The network services are provided by peers to 
each other. Ring: A network topology in which nodes are arranged in a 
circular configuration. Star: A network topology in which nodes are 
arranged in a pattern with a common origin , called a... 

...hub. TCP/IP: Transmission Control Protocol/Internet Protocol, the 
protocol used on the InternetQa worldwide network of government, 
educational and industrial computer systems. 10Base2: The designation for 
the Ethernet protocol running on a thin coaxial cable, or thinnet. 
lOBaseT: The designation for the Ethernet protocol running on UTP 
(Unshielded Twisted Pair) cable, similar to telephone wiring. lObaseT 
requires concentrators with a port for each connected device. Thinnet: See 
10Base2. Token Ring: A networking scheme championed by IBM in which a 
logical token is passed from a station to... 

. . .transmit data only when in possession of the token. Topology: The 
physical configuration of a network (such as star or ring) or the 
logical arrangement of types of networks , such as Ethernet or token 



ring.P UTP : Unshielded twisted pair, a type of cabling used in voice and 
data networking . Wireless: Networking using radio or infrared light, 
instead of cabling. 
?tl5/3,k/all 
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08244348 SUPPLIER NUMBER: 17490296 (USE FORMAT 7 OR 9 FOR FULL TEXT) 

AT&T lifts 'CAP' to video. (AT&T Microelectronics 1 Access series of 
switched digital-video ICs uses Carrierless 

Amplitude -modulation/ Phase -modulation encoding technology) (Product 
Announcement ) 

Wirbel, Loring 

Electronic Engineering Times, n868, pl8(2) 
Oct 2, 1995 

DOCUMENT TYPE: Product Announcement ISSN: 0192-1541 LANGUAGE: 

English RECORD TYPE: Fulltext; Abstract 

WORD COUNT: 598 LINE COUNT: 00050 

. . .ABSTRACT: Carrierless Amplitude-modulation/Phase-modulation (CAP) 
encoding technology. Switched digital-video uses fiber to neighborhood 
optical networking units ( ONU ) that send signals to homes via coaxial 
or twisted-pair cable. AT&T has joined... 

...switched digital-video. The new Access series includes seven devices: 
the T7666 quad STS-1 framer and descrambler, T7665 QPSK receiver, and 
T7664 CAP-16 transmitter for the ONU ; and the T7660 CAP receiver, T7661 
analog front end and QPSK transmitter, T7663 segmentation/reassembly and 
ATM adaptation layer processor, and T7 662 set-top framer with SAR/AAL 
interface for the set-top box. 
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E/O Networks aims to bring 'fiber to the farm. 1 (E/O Networks Inc develops 
an FDDI-like dual -ring fiber network for rural telephone companies) 

Wirbel, Loring 

Electronic Engineering Times, n838, pl8(l) 
March 6, 1995 

ISSN: 0192-1541 LANGUAGE: English RECORD TYPE: Fulltext; Abstract 

WORD COUNT: 617 LINE COUNT: 00051 

ABSTRACT: E/O Networks Inc develops an FDDI-like dual-ring fiber 
network for rural telephone companies and intended to provide farms with a 
broadband service infrastructure. Regional... 

...fining RBOCs for ignoring basic service gaps in rural areas as they 
focus on adding frame relay and ATM in urban corporate markets. Newcomer 
PTI Communications Inc has acquired many eastern... 

...provide rural customers with analog service that accommodates V.34 
modems. E/O's multiplexing optical network unit ( ONU ) hardware 
platform is based on an El (2.048-Mbps) backplane; a dual counter-rotating 
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Subscriber drop testing in a TR-909 FITL environment. (Bell Communications 
Research Inc. document; fiber in the loop) (includes glossary) 



Flaminio, Herman 

Telephony, v227, nl3, p51(5) 

Sept 26, 1994 

ISSN: 0040-2656 LANGUAGE: ENGLISH RECORD TYPE: FULLTEXT; ABSTRACT 

WORD COUNT: 2237 LINE COUNT: 00175 

... office terminal CU Channel unit (Line unit) CTU Channel test unit 

(MTAU) DCN Data communications network DTH Drop test head HDT Host 
digital terminal IDLC Integrated digital loop carrier IDT Integrated 
digital terminal LMOS Loop maintenance operating system LTF Loop test 
frame (MLT-1) LTS Loop test system (MLT-2) LU Line unit (Channel unit) MCU 
Metallic. . . 

...unit (CTU) MUX Multiplexer (DS-1 to DS-3 or higher) NTT Numbered test 
trunk ONU Optical network unit PDN Passive distribution network 
PGTC Pair gain test controller PSN Public switched network RT Remote 
terminal RTU Remote test unit SP Signature presentation device TSI Time 
slot interchanger . . . 
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Fiber rises to the urban challenge, (fiber-optic telecommunication 
networks) (Cover Story) 

Jander, Chris L. 

Telephony, v223, n20, p30(4) 

Nov 16, 1992 

DOCUMENT TYPE: Cover Story ISSN: 0040-2656 LANGUAGE: ENGLISH 

RECORD TYPE: FULLTEXT; ABSTRACT 

WORD COUNT: 2109 LINE COUNT: 00165 

manage the bandwidth as required. If all 48 channels are not needed 
at a given ONU , time slots can be electronically assigned to appear 
at another location and thus eliminate the stranded bandwidth. . . 
?tl6/3, k/all 
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TEXT: 

... 64 Kbps to 100 Mbps 

over existing copper pairs. Ikanos 1 chipsets support long range fast 
Ethernet 

(LRFE) , Ethernet in the first mile (EFM) , and very high bit rate digital 
subscriber line-discrete multi... 

...up to 10 Mbps (EFM), eight ports of asymmetric VDSL-DMT 

data rates (23 Mbps downstream and 1 Mbps upstream ), four ports of 

symmetric 

data rates at up to 25 Mbps (LRFE), or one port... 

...from 64 Kbps to 25 Mbps (EFM, LRFE), asymmetric VDSL-DMT data rates (40 
Mbps downstream and 9 Mbps upstream ) . 



NetTest 
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Language: English Record Type: Fulltext Abstract 
Document Type: Magazine/ Journal; Trade 
Word Count: 5017 

... multi-service needs. 

2 PON: Sharing the Light 

Put simply, a PON consists of an optical line terminal (OLT) , which 
resides at the central office (CO) or a point of presence (POP), and an 
optical network terminal (ONT) located on or near the subscriber. The 
ONT provides the various service interfaces, such as Ethernet or DS1, to 
users. In the downstream path, a passive optical coupler, which can 
be located anywhere between the OLT and ONT, slices the light to serve as 
many as 32 end points and, in the upstream direction, combines the light. 
Some couplers might split the optical power evenly, others might do a 
directional split where, say, 90 percent of the power. . . 
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Point- to-Multipoint DWDM raises optical reach 

Byline: JEFF GWYNNE 

Journal: Network World Page Number: 2 9 

Publication Date: November 26, 2001 
Word Count: 626 Line Count: 62 

Text : 

... significant recurring monthly revenue streams. That ignores 90% of 
enterprise customers, however. The emergence of Passive Optical 

Networking (PON) makes it possible for carriers to deploy wavelength, 
multiwavelength and fractional wavelength services to... 

. . . provide higher service levels as more customers embrace value-added 
services such as storage-area networks (SAN) and virtual LANs. The 
components of Lamda-PONPoint-to-Multipoint DWDM based on PON consists of 
these elements: * A DWDM switch collocated with an Optical Access Switch 
(OAS) in the central office.* An Optical Transponder or Intelligent 
Optical Terminals (depending on the rate of service) on the customer 
premises.* A PON between the central office and the customer premises. 
Among the key elements of a PON are the passive couplers and splitters 
deployed in the outside plant that combine or split the laser signal... 

... point. Because these splitters and couplers are fiber, once the carrier 
installs the outside plant network , all changes and upgrades occur only 
at the endpoints. This eliminates the need and expense of making changes to 
the outside plant. The collocation of the DWDM switch and the optical 
access switch in the central office allows the transmission of fractional 
and dedicated wavelength services... 

...customer. While this traffic travels through every splitter and coupler, 
and reaches all endpoints, each optical transponder is outfitted with a 
filter that only receives the signal that is intended for. . . 

... service level. For customers receiving fractional wavelength offerings, 
service is originated and aggregated at the optical access switch in the 
central office, without involving the DWDM switch. The traffic then travels 
at a maximum speed of 622M bit/sec downstream along the PON and is 
terminated at each customer location by optical terminals equipped with 



T-l and Ethernet interfaces. Enterprise customers receiving fractional 
wavelength services have the option of choosing between 10M and. . . 
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The standards effort is focusing on three areas: 

Journal: Network World Page Number: 38 

Publication Date: September 17, 2001 
Word Count: 529 Line Count: 50 

Text : 

Long-distance, point-to-point optical Ethernet - The technical 

objective is to standardize operation of 1,000M bit/sec (lOOOBaseX) 

Ethernet over a single fiber (instead of a fiber pair) at a distance 
greater than or. . . 

. . . new fiber-optic physical layer interface could be used to provide lower 
cost, single-mode optical interfaces, using half the amount of fiber 
currently required for Gigabit Ethernet at distances twice that currently 
specified by the standards. State-of-the-art 1300nm and... 

... be leveraged to support this work. This will be a relatively minor 
enhancement to existing Ethernet , using technology that is generally 
considered to be low risk. This kind of connection would be most applicable 
to high-speed corporate networks .Voice-grade copper Ethernet - The 
technical objective is to support point-to-point distances greater than or 
equal to. . . 

... that will meet this requirement. This activity will likely require more 
work than long-distance optical fiber, but in the true spirit of 
Ethernet it will "borrow" from past work. Passive optical Ethernet 
Perhaps the most aggressive and controversial of the three topologies 
being considered, the Ethernet Passive Optical Network (EPON) 

technical objective is to develop an 802.3 compatible physical layer 
interface for operation. . . 

. . . from work already done within the post, telegraph and telephone 
administration-sponsored Full Service Access Network (FSAN) consortium. A 
passive optical network (PON) uses a single fiber from the 

central-office head end (or other active location) to service 16 to 32 end 
points. The optical signal would be split by one or more " passive " 
splitters mounted midstream in the network . In this topology, any end 
point could "receive" downstream traffic from the head end at up to the 
full 1,000m bit/sec, but would have to share the " upstream " bandwidth 
with up to 32 other nodes, thus limiting its share to about 30M bit... 

. . . have a lower-cost electronics structure, however, given the still 
declining cost of very inexpensive Ethernet switches, it is not entirely 
clear that this will continue to be the case. Unfortunately, unlike the ATM 
PONs defined in FSAN, Ethernet operation over point-to-multipoint 
networks is currently undefined. Architecturally, Ethernet interfaces 
today expect the underlying network to be based on either point-to-point 
links or a shared peer-to-peer... 
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Get a positive ID on DDoS attackers 
Mazu's Traf f icMaster Inspector a 
attacks . 

Byline: MANDY AN DRESS 



good first step in identifying DDoS 



Journal: Network World Page Number: 55 

Publication Date: August 27, 2001 
Word Count: 1177 Line Count: 113 

Text: 

...the attack du jour as of late, they are still a strong threat to any 
network , providing the ability to cripple even the highest-bandwidth 
providers. Distributed DoS attacks are so... 

. . . the best solution, but they must be manually implemented and they often 
also block legitimate network traffic. The distributed nature of the 
attack makes prevention virtually impossible because you never know where 
the next attack will come from. Mazu Networks 1 Traf f icMaster Inspector 
helps solve some of these problems by providing a way to identify 
distributed DoS attacks in real time on large, high-speed networks . While 
Inspector identifies distributed DoS attacks, it does not provide any 
assistance in filtering the identified attacks. (Mazu Networks 1 Enforcer 
gateway, due later this summer, will provide this capability.) Inspector 
resides upstream at the core of the network infrastructure and 
passively observes all traffic entering or leaving the network . It can 
reside anywhere on the network , but works best near the first-level 
routers, where it can directly monitor traffic to and from the Internet. 
Inspector connects to the data path via a passive optical or copper 
splitter, which introduces no latency into the network and performs 
detailed analysis in real time. Other distributed DoS solutions (from 
companies such as Asta Networks and Arbor Networks ) receive a sample of 
network traffic from routers for analysis. Inspector sits directly on the 
network connection and monitors all traffic, independent of the network 
routers for packet information. One reason Mazu's solution is so expensive 
($100,000) is... 

. . . such as payload. Inspector makes it difficult for an attacker to launch 
a surge of network traffic without introducing an anomaly that it is able 
to detect. This includes unusual variations... 

. . . probe and the cluster head. Probes are individual sensors that can be 
distributed throughout a network to capture and analyze traffic. (They 
support up to eight Gigabit Ethernet links.) The cluster head is the 
master probe, or central reporting device. All probes report... 

. . . head, which combines the data for a more thorough analysis and "big 
picture" of the network . Within an Inspector probe, three main components 
are at work: user-level Mazu module, Mazu... 

...device driver optimizes packet processing, enabling Inspector to quickly 
and efficiently capture packets off the network . Initially, Inspector 
baselines typical network activity (which takes about 30 minutes), 
documenting what is "normal" for the particular environment. It learns and 
adapts over time to the unique patterns of the network and is better able 
to separate legitimate increases in traffic from spoofed traffic with 
malicious . . . 

. . . avoid false positives, Inspector includes user-defined thresholds on up 
to eight aspects of the network traffic, including protocol levels and 
traffic flow, to trigger alerts at the first signs of. . . 

...DoS attacks, and Inspector successfully identified each. We also created 
a sudden increase in legitimate network traffic to see if the Inspector 
could differentiate between legitimate and attack traffic, which it... 
... reporting were accurate and informative. Based on our lab testing, 
Inspector is effective at analyzing network traffic and determining when 
distributed DoS attacks are occurring. Administration and 
reportinglnspector administration is performed. . . 

...monitoring and set system thresholds. With SNMP enabled, an alert can be 
sent via your network management system (which can then send e-mails or a 
page) when a distributed DoS ... detail . Conclusionlnspector is an effective 
solution to identify distributed DoS attacks in large carrier-class 



networks . Starting at $100,000 for only monitoring and attack 

characterization, it is not a solution... 
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TEXT: 

... 64 Kbps to 100 Mbps 

over existing copper pairs. Ikanos' chipsets support long range fast 
Ethernet 

(LRFE) , Ethernet in the first mile (EFM) , and very high bit rate digital 
subscriber line-discrete multi... 

...up to 10 Mbps (EFM), eight ports of asymmetric VDSL-DMT 

data rates (23 Mbps downstream and 1 Mbps upstream ) , four ports of 

symmetric 

data rates at up to 25 Mbps (LRFE), or one port... 

...from 64 Kbps to 25 Mbps (EFM, LRFE), asymmetric VDSL-DMT data rates (40 
Mbps downstream and 9 Mbps upstream ) . 

NetTest 

Web site: http://www.nettest.com 
Product name: CMA4 000i 

Type of product: Optical spectrum analyzer module for C- and L-band DWDM 
networks 

Target customer: Network installers, operators and maintenance personnel 
Pricing and availability: Price varies according to installation needs, a 



...is available now. 

Contact: Harry Mellott, 315/266-5051 

Description: The CMA4 000i offers a new optical spectrum analyzer module 
for C- and L-band DWDM networks , a 50 dB dynamic range optical time 
domain 

ref lectometer (OTDR) module and new testing capabilities that simplify a 
variety 

of fiber testing applications. 

The CMA4 000i tests either long haul backbone networks or passive 
optical 

networks (PONs). Building on the CMA4000's long-haul (120-250 km) testing 
capabilities, the CMA4000i provides new solutions for testing medium range 
metro 

networks (40-120 km), and short range last-mile networks or PONs. For 
complete 

system characterization, the CMA4000i can be equipped with a light source 



...enables the location of breaks within the OTDR's dead zone or to 
identify 

specific optical fibers within a cable. 
PowerNetix 

Web site:http: //www . powernetixinc . com 

Product name: 980nm pump module 

Type of product: Single-mode pump module 
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INDUSTRY MEWS 



Read more about fiber optics and the emerging Passive 
Optical Networks industry through articles and technical 
documents! 

February 5, 2002 

"A Natio nal Imperative: Universal Availability of Broadband by 
2UW 



A paper outlining the goals and objectives of the 
lobbying group, "TechNet" which is efforting to make 
broadband a national priority and to set a goal of 
making an affordable 100-megabits broadband 
connection available to 100 million American homes 
and small businesses by 2010. 

CED Magazine - February 5 t 2002 

" Roseville Finishes Phase One of FTTH Rollout" 

Just slightly behind its Q4 schedule, Roseville 
Telephone finished phase one of its 
fiber-to-the-home program in certain Roseville, 
Calif., neighborhoods. 

January, 2002 

" Surfing Faster with Fiber" 

Bob Harrington has long been an Internet speed 
demon. Three years ago, the Palo Alto Angel 
investor signed up for cable modem service, letting 
him access the Net at speeds dozens fo times faster 
than traditional dial-up modems. 

EBN Online - Janaury 31 , 2002 
" Telcos Warming to Fiber to the Home " 

Deployment of broadband data piped over fiber into 
the home is moving ahead, according to the recently 
formed Fiber-to-the-Home Council. But cost remains 
a major obstacle that chipmakers could help 
surmount, the organization stressed. 

CNN Money- January 18, 2002 

" Optical Communications Move Steady Ahead " 

THE PAST FIVE YEARS HASTE BEEN good to the 
fiber-optics industry. Internet expansion and 
increased construction of wide-area networks 
(WANs) and metropolitan-area networks (MANs) 
have kept the industry growing rapidly. Dozens of 
new companies have entered this arena, producing 
an amazing array of advanced components, 
modules, and systems to make optical networking 
faster, cheaper, and more accessible. 

Nielsen/NetRatings - December 11, 2001 

"Nielsen/NetRatings Puts U.S. Broadband Residential Market at 

21 Million Users, 90% Annual Growth " (Adobe Acrobat PDF File) 

Nielsen//NetRatings, a leading Internet audience 
measurement service, estimates that there were 21 
million residential broadband Internet users in the 
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US during the month of November. This would 
represent a 20% penetration rate of the 106 million 
active Internet users in the US, according to 
Nielsen/NetRatings. The growth rate in the number 
of broadband users (90% for November 2000 to 
2001 ) also far outpaces the overall growth for 
Internet use (11%). 

Lightreading - November 1 , 2001 
TON: The Dream is Alive " 

Recent sparks of interest in passive optical 
networking (PON) may justify a reborn faith in this 
nascent market, despite the impatient cries of 
naysayers. PON equipment seeks to lower the cost 
of access networks by extending optical bandwidth 
without requiring more expensive "active" 
components... 

Lightwave - October 22, 2001 

" Fiber-to-the-Home to reach 2.65 million homes by 2006 " 

The FTTH market is expected to grow significantly 
in 2006, with a ramp-up beginning in 2005. 
Fiber-to-the-home (FTTH) systems in the United 
States will reach 2.65 million homes by 2006, with 
fiber-to-the-curb (FTTC) systems reaching another 
1.9 million, according to KMI Corporation's latest 
report, Residential Broadband Access in the United 
States: Fiber-to-the-Curb and Fiber-to-the-Home. As 
of year-end 2001, FTTH and FTTC are expected to 
reach 89,000 and 915,000 homes, respectively. 
During this same time frame, annual deployment of 
FTTH is expected to increase from 66,000 in 2001 
to 1 .1 5 million homes in 2006 -- a 63 percent 
compound annual growth rate (CAGR), with FTTC 
expecting a more modest 15 percent CAGR from 
130,000 homes in 2001 to 260,000 homes in 2006... 

Lightwave - October 22, 2001 

" Fiber-to-the-Home to reach 2.65 million homes by 2006 " 

The FTTH market is expected to grow significantly 
in 2006, with a ramp-up beginning in 2005. 
Fiber-to-the-home (FTTH) systems in the United 
States will reach 2.65 million homes by 2006, with 
fiber-to-the-curb (FTTC) systems reaching another 
1 .9 million, according to KMI Corporation's latest 
report, Residential Broadband Access in the United 
States: Fiber-to-the-Curb and Fiber-to-the-Home. As 
of year-end 2001, FTTH and FTTC are expected to 
reach 89,000 and 915,000 homes, respectively. 
During this same time frame, annual deployment of 
FTTH is expected to increase from 66,000 in 2001 
to 1 .1 5 million homes in 2006 -- a 63 percent 
compound annual growth rate (CAGR), with FTTC 
expecting a more modest 15 percent CAGR from 
130,000 homes in 2001 to 260,000 homes in 2006... 

CAB A Quarterly - Autumn 2001 

" CABA Home and Building Automation Quarterly" 

Interesting news on FTTH from CABA's Autumn 
2001 newsletter. 

Lightreading.com - 10/29/2001 
" PON: The Dream is Alive " 

PON company and development report showing 
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players and issues in the PON market. 

Bigpipe.com- 10//2001 
" Vendors Form FTTH Council" 

Vendors of fiber-to-the-home (FTTH) solutions 
created the non-profit FTTH Council this summer to 
dispel misconceptions about the technology and 
promote its acceptance. "Fiber-to-the-home is a real 
solution with a reasonable cost," says Wave7 
Optics 1 Jim Farmer, who was elected to the FTTH 
Council's board of directors and who also serves as 
CT*s senior technology editor. "We think (FTTH) 
future-proofs your network much better than 
anything else that's around today." 

Bigpipe.com- 10//2001 

" GigE: Coming to a Neighborhood Near You? " 

New Gigabit Ethernet technology provides a 
substantial improvement over cable modem data 
rates, but very little fiber is being deployed to the 
home-making any play for market share in existing 
neighborhoods an expensive prospect at best. 
"Nobody has a way to transmit Gigabit Ethernet to 
the home with a hook-up that is available today," 
Lauri Vickers, Cahners In-Stat senior analyst, says. 
"You need fiber or Cat 5 copper, but the connections 
just aren't there." 

Wallstreet Journal - 10/03//2001 

" Funding Shifts to Reach the Last Mile " (requiresonline 

subscription to WJS) 

Even with the slowdown in spending on fiber-optics 
networks, venture-capital investors continue to 
spend to reach the last mile. The "last mile" has 
been elusive thus far. Much spending has gone to 
the so-called long-haul networks, the major routes 
that carry data and communications under oceans 
and across continents. But lost in this has been 
getting all the data into individual homes. The 
analogy is often made that the lack of thick pipes at 
the ends of the networks is like attaching a fire hose 
to a straw. 

Network World Newsletter - 9/28//2001 

"Lucent Sheds Product Lines" (entire article follows) 

by Jim Duffy 

Lucent continues to shed product lines in an effort to 
reverse the company's sagging fortunes and return 
to profitability. 

The latest casualty is the MSC 25000, an ATM core 
switch that was positioned as the next-generation 
offering for Lucent's installed base of GX 550 and 
CBX 500 users-the old Cascade boxes. The MSC 
25000, announced last June, was to go into beta this 
month and ship by year-end, but Lucent will now 
replace it with an IP/MPLS switch of unknown origin. 

Some believe it will be based on the NX64000 router 
Lucent obtained from its acquisition of Nexabit 
Networks 2 years ago, but Lucent won't say 
anything until it announces the product later this 
year. 

Lucent seems to be acknowledging that ATM's 
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sunset as the underpinning of converged 
multiservice voice, video and data networks, is fast 
approaching. The MSC 25000 was to offer users a 
slower, more gradual migration to IP/MPLS, but 
Lucent says its large service provider customers 
want it faster than they could get it in the MSC 
25000. 

The MSC 25000's demise follows Lucent's recent 
shuttering of the Chromatis optical transport product 
line, which was targeted at smaller service providers 
than the 30-odd globalscale carriers Lucent is now 
courting for its turnaround and survival. Lucent 
acquired Chromatis last year for $4.5 Billion, and 
much of its product line was the foundation for 
Lucent's recent Metropolis metro area dense wave 
division multiplexing and optical cross-connect 
rollout. 

Seems Lucent is now killing products just a few 
months after announcing them as part of a 
"strategic" assault on a particular market, complete 
with an overarching framework, vision or 
marketecture. Chromatis and the MSC 25000 are 
the latest examples. Perhaps Lucent's next product 
announcement will give an indication of which 
product line is the next to be shelved. There must be 
easier, less-embarrassing ways to disclose these 
things. Then again, if your restructuring plan is being 
hammered out at the same time as products are 
being developed, there may be no way to predict 
internally when to shift gears... 

Light Reading- 9/20//2001 
" Optical Ethernet Rules " 

In the current market gloom, one sector has bucked 
the run of bad news to emerge as a beacon of 
excitement and optimisim: optical Ethernet. 
According to the latest report from the Optical 
Oracle, Light Reading 1 s subscription service, the 
penetration of optical Ethernet equipment and 
services is accelerating so quickly that sales will 
overtake those of Sonet equipment within five to ten 
years. 

Builder - 8/28//2001 

" BellSouth Leads the Way With Fiber to the Home " 

BellSouth just finished year one of what it says is 
the world's first fiber-to-the-home trial, delivering 
high-speed internet to 40+ homes in the Atlanta 
suburb of Dunwood, GA. Though the trial doesn't 
have an official end date, BellSouth spokesperson, 
Brian Ford, predicts that the company will be using 
the technology to offer voice, video and data to 
homes in its service area within three years. 

FTTH Council - 8/28//2001 

"FTTH Council Elects New Leadership, Kick-Starts Broadband 
Initiatives; Broadband Opportunities Take Center Stage at m i H 
Council's First Meeting" 

Rochester, NY, Aug. 28/PRNewswire/-The Fiber to 
the Home (FTTH) Council's membership elected 
eight members to its Board of Directors at the 
organization's first meeting August 23 in Rochester, 
NY... 
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Network World Fusion News - 7/23//2001 

"Report Touts Growth in Optical Access Networking Systems" 

In spite of the slowing economy and declining 
growth rates in the fiber optics industry, first mile 
fiber connections to m ulti-tenant office buildings 
remain a strong growth area according to 
Communications Industry Researchers (CIR), an 
optical marketing research and consulting firm 
basedi in Charlottesville, VA... 

Network World Fusion News - 7/23//2001 

"RBOCs dipping toes into metro Ethernet Pool" by Michael Martin 

During the past year, metropolitan Ethernet 
providers such as Yipes, Cogent, Telseon and 
IntelliSpace have made waves with business 
services ranging from 1MB/s to 1GB/s at prices 
significantly lower than those for traditional 
high-bandwidth connections such as T1s and T3s. 

InfoWorld - 7/23//2001 

"Interview with Tony Abate, Battery Ventures" 

lnfoWorld:ls there any interest in network hardware 
anymore? 

Abate: If you ignore competition for a second on the 
equipment side, there is still demand for new 
eauipment that does things faster, better, cheaper. 
Traffic growth on all these networks is still growing 
at double digit rates... 

FTTH Council - 7/20//2001 

"Fiberoptic Industry Leasders Meet This Week to Elect FTTH 
Councif Board, Discuss Broadband Issues" 

ROCHESTER, N.Y., Aug. 20 /PRNewswire/ ~ The 
Fiber-to-the-Home (FTTH) Council will meet in 
Rochester, N.Y. for the first time on Thursday, 
August 23, beginning its initiatives to promote fiber 
optic broadband access throughout North America. 
Guest speaker Thomas Cohen, executive director of 
Americans for the Digital Bridge, will discuss FTTH 
issues and opportunities. 

Yahoo Finance- 7/1 7//2001 

"Ethernet Poised to Become UbiquitousStandard for Wireline 
Subscriber Access Networks" 

The Institute of Electrical and Electronics Engineers, 
Inc., (IEEE) 802 LAN/MAN Standards Committee 
(LMSC) today announced it has approved a Project 
Authorization Request (PAR) for Ethernet in the 
First Mile (EFM)... 

CED - 3//2001 

"FTTH Starts Making House Calls" by Michael Lafferty, CED 
Associate Editor 

While scientists and commentators are marveling at 
the recent success in mapping the vast complexities 
of the human genome, a small, but growing number 
of broadband service providers are taking a fresh 
look at the minute details of a delivery platform that 
was once considered pure fantasy... 

MSNBC - 3/7//2001 
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"Net Telephony Shakes Up Industry" by Associated Press 

"INTERNET TELEPHONY means lower prices for 
consumers and big challenges for telecom 
operators," said U.N. official Tim Kelly, an organizer 
of a three-day meeting of 1 1 000 government 
regulators and industry experts that starts 
Wednesday... 

TMCNet.com - 2/28/2001 

"Voice Over Broadband is Ready to Roll" by Sean Parham 

For years, cable operators have been trying to find 
ways to better leverage their existing broadband 
infrastructure for new revenue opportunities. The 
$750 billion dollar voice services market has always 
been just beyond their reach. However, with the 
deregulation of the US telecom market in 1996, 
cable operators gained access to the PSTN (Public 
Switched Telephone Network)... 

Interactive Week- 2/19/2001 
"Shining Stars " by John T. Mulqueen 

Profits are coming hard to telecom carriers, with 
voice revenue shrinking and data not yet taking up 
the slack, but they're still buying optical equipment 
at a frenzied pace. That's very good news to optical 
equipment makers, which continue to... 

Interactive Week- 2/12/2001 

"New Lasers Will Speed Optical Networks" by Bill Scanlon 

This quarter, most large carriers are testing tunable 
lasers. These devices speed ones and zeroes down 
optical networks and jump from wavelength to 
wavelength faster than an eyeblink. The market for 
tunable lasers is expected to grow from $100 million 
last year to about $1 .5 billion in the next couple of 
years, according... 

Network Magazine- 2/12/2001 

"Study Shows Growth in Otical Networking Market" by tele.com 



Fueled by the increasing needs of service providers 
for next-generation optical networking equipment, 
this market segment generated $9.2 billion in 
revenue in 2000 and is projected to jump to nearly 
$40 billion by 2005, says a report by Frost & 
Sullivan (San Jose, Calif.)... 

Network Magazine- 2/5/2001 
"Planning for Fast Optics" by Tom Nolle 

Squirrels used to bury acorns. Now they're likely 
burying fiber; if not, they're the only hole-diggers 
who aren't. There's a huge amount of glass going 
into the ground these days, promising a huge 
amount of bandwidth for the future. Network design 
today is based on the principle that transport 
bandwidth is the most expensive element in the 
network... 

The Net Economy - 1/28/2001 

"A Gateway to the Future" by Denise Culver 

Broadband Gateways hasn't had a difficult time 
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selling the first generation of its product to service 
providers including AT&T, BellSouth, SBC, Sprint 
and Verizon. For about $1,350, Broadband^ 
product, a residential wireless gateway, lets service 
providers add up to eight additional phone numbers 
in a home-all with their own calling... 

The Net Economy - 1/19/2001 
"Deconstructing Ethernet " by Joe McGarvey 

Underscoring the growing importance of the 
metropolitan portion of the public network, a group 
of network equipment veterans and startups this 
week launched an industry alliance around a 
fledgling protocol designed to improve data 
performance in the metro network... 

X-Change Magazine - 1/2001 

"Heading Toward the Light : Startups Leap into Optical IP Space" 
by Paula Bernier 

The packet-over-optics vendor space continues to 
expand, with the industry birthing new companies 
and products faster than a rabbit makes bunnies.... 

Broadband Week- 12/2000 

"I Want My Broadband Download" by Matt Stump 

Fifteen years ago, "I Want My MTV" was considered 
the frontier of music. Today, with Napster and 
MP3.com, it's broadband connections that represent 
both a promise and a threat to the big five music 
labels... 

Network Magazine- 1 1/27/2000 

"Fiber Home Economics" by Brian Washburn 

Local service providers dazzled customers with 
promises of fiber to the home (FTTH) years ago. But 
twisted-pair and coaxial cable still reign supreme in 
the neighborhood, even though providers are 
moving closer and in some cases even laying fiber 
as close as the curb. With the promise of 
broadband, FTTH economics may finally make 
sense... 

Network Magazine- 11/5/2000 

"Passive Optical Networking Brings DSL to the Masses" by Doug 
Allen : 

The most important event in the short history of 
Digital Subscriber Line (DSL) is upon us: The 
Incumbent Local Exchange Carriers (ILECs) are 
finally about to begin massive deployment of 
broadband access links, after years of stalling and 
halfhearted efforts. Not to dismiss the million-odd 
RBOC DSL lines in service, but bandwidth to the 
masses it ain't... 

Network Magazine- 11/5/2000 

"Passive Optical Networks in Action" by Mark Lutkowitz 

Although Passive Optical Networks (PONs) have 
lately received much exposure at telecom trade 
shows and in the press, it is unclear to what extent 
the technology will penetrate the edges of telecom 
provider networks. PONs offer a number of 
advantages, such as very low cost, for small to 
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medium-size businesses... 

The Fiber Exchange - 9/27/2000 

"So Many PONs, So Little Market?" by Stephen Hardy 

Someday, nearly every home and business will send 
and receive voice, data, and video over a fiber-optic 
cable that reaches right to the front door. Of course, 
a cartoon character once sang that someday her 
prince would come. Based on the costs traditionally 
associated with fiber in the access space-and the 
amount of investment the biggest players in that 
space... 

Multichannel News Online - 9/21/2000 

"Scientific Atlanta Eyes Fiber-to-the-Home with Alloptic" by David 
TTer 

With its sights set on developing next-generation 
network architectures, Scientific-Atlanta Inc. recently 
invested $8 million in Pleasanton, Calif.-based 
Alloptic Inc., a developer of 
passive-optical-networking technologies. 

EE Times.com- 1/16/2000 

"Ethernet Tapped for Passive Transport" by Loring Wirbel 

01/16/01 , 6:33 p.m. EST) SANTA CLARA, Calif. D 
Alloptic Inc., the latest entrant in the passive 
optical-network (PON) access markets, is proposing 
the use of Ethernet framing as a pure passive 
transport technology, bringing Gigabit Ethernet 
services to homes and businesses through a 
PON-based optical network unit architecture... 

Scientific American- 10/3/1999 

"PON, The Broadest Broadband" by Paul W. Shumate, Jr. 

Optical fiber has successfully replaced metallic 
cables in the backbone networks of most local and 
long-distance telephone carriers, cable television 
operators and utility companies. So why not extend 
lines of optical fiber all the way to customers' 
homes? 

CED Communications Engineering and Design - 9/1999 
"Lighting up the Neighborhood" by Roger Brown and David Her 

Recent advances in optical technology are rapidly 
making possible something that just a couple of 
years ago was considered unthinkable: The 
deployment of fiber to nodes so small that the 
network has become almost entirely passive, and 
fiber is pushed so close to the home that consumers 
can nearly reach out and touch it... 

Lightwave -9/1999 

"PONs for the Broadband Local Loop" by Gerry Pesavento and 
Mark Kelsey 

Deregulation and bandwidth-hungry applications are 
creating unprecedented opportunities to develop the 
local-access network. The bandwidth bottleneck in 
the local loop continues to slow Internet access to a 
crawl, frustrating end users and reducing the 
revenue-earning potential of communications 
service providers... 
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I PACT: A Dynamic Protocol for an 
Ethernet PON (EPON) 
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Abstract 

We investigate design issues for access net- 
works based on passive optical network technol- 
ogy. A PON based on polling, with data 
encapsulated in Ethernet frames, possesses many 
desirable qualities, such as dynamic bandwidth 
distribution, use of a single downstream and a 
single upstream wavelength, ability to provision 
a fractional wavelength capacity to each user, 
and ease of adding a new user. To support 
dynamic bandwidth distribution, we propose an 
interleaved polling algorithm called IPACT. We 
also suggest a scheme for in-band signaling that 
allows using a single wavelength for both down- 
stream data and control message transmission. 
To obtain realistic simulation results, we gener- 
ated synthetic traffic that exhibits the properties 
of self-similarity and long-range dependence. We 
then analyzed the network performance under 
varying offered loads. 

Introduction 

Passive optical network (PON) is a technology 
viewed by many as an attractive solution to the 
last mile problem [1, 2], A PON is a point-to-mul- 
tipoint optical network with no active elements in 
the signals' path from source to destination. The 
only interior elements used in PON are passive 
combiners, couplers, and splitters. 

Advantages of using PON for a subscriber 
access network include large coverage area, 
reduced fiber deployment, multicast and broadcast 
capabilities, reduced cost of maintenance (due to 
devices being passive), and ease of upgrades to 
higher bit rate or additional wavelengths. 

The work of standardizing Ethernet PON 
(EPON) as a solution for access networks is ongo- 
ing in the IEEE 802. 3ah Ethernet in the First 
Mile (EFM) Task Force. The group's focus is on 
ensuring interoperability by specifying parameters 
and operations of physical and data link layers. 
Particular bandwidth allocation algorithms are 
considered to be vendor-specific and outside of 
scope of the task force. In this study we describe a 



new dynamic bandwidth allocation algorithm and 
analyze its performance in an EPON. 

In [3] we discussed the advantages of using 
time-division multiple access (TDMA) in a 
PON, namely the scalability and ability to pro- 
vide a fraction of a wavelength capacity to a 
user, a single wavelength for all upstream 
channels, a single receiver in the head-end, 
and so on. However, we also showed that a 
considerable amount of bandwidth was wasted 
due to time slots not being filled to capacity. 
To make the cost of a PON-based access net- 
work lower, it is very important to utilize 
bandwidth efficiently. 

In this study we present a new protocol 
called Interleaved Polling with Adaptive Cycle 
Time (IPACT, pronounced eye-pact). The PON- 
based network under consideration uses a 
polling scheme to deliver data encapsulated in 
Ethernet packets from a collection of optical 
network units (ONUs) to a central optical line 
terminal (OLT) over the PON access network. 
The OLT, in turn, is connected to the rest of 
the Internet. 

To avoid the accumulation of walk times 
(switchover times) associated with polling, we 
employ an interleaved scheme where multiple 
polling requests are overlapped in time. We then 
discuss an efficient way to use in-band control 
signaling to perform the polling. 

We present simulation results to demonstrate 
system performance such as bounds on packet 
delay, queue occupancy, and packet-loss proba- 
bility. 

Design of an Access Network 
Based on PON Technology 

Figure 1 shows a typical tree-based PON topolo- 
gy suitable for the access network. Other PON 
topologies include a ring and a bus. A PON can 
also be deployed in a redundant configuration as 
a double ring or a double tree. All transmissions 
in a PON are performed between OLT and 
ONUs. Therefore, in the downstream direction 
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(from OLT to ONUs), PON is a point-to-multi- 
point network, and in the upstream direction it 
is a multipoint-to-point network. 

The OLT resides in the local exchange (cen- 
tral office), connecting the optical access net- 
work to an IP, ATM, or SONET backbone. The 
ONU is located at either the curb (FTTC solu- 
tion), or the end-user location (FTTH, FTTB 
solutions), and provides broadband voice, data, 
and video services. 

The Full Service Access Network (FSAN) stan- 
dard defines an optical access network that uses 
asynchronous transfer mode (ATM) as its trans- 
port protocol. However, ATM equipment is signif- 
icantly more expensive than Ethernet [4], Thus, 
FSAN's future, relying on ATM transport, looks 
rather grim. EPONs, on the contrary, appear to be 
the preferred choice. Newly adopted quality of 
service (QoS) techniques have made Ethernet net- 
works capable of supporting voice, data, and 
video. Ethernet is an inexpensive technology that 
is interoperable with a variety of legacy equip- 
ment. In this study we will focus on EPONs. 

Channel Multiplexing 

Because Ethernet is broadcast by nature, in the 
downstream direction (from network to user) it 
fits perfectly with the EPON architecture: pack- 
ets are broadcast by the OLT and extracted by 
their destination ONU based on the media 
access control (MAC) address. 

In the upstream direction (from user to net- 
work), the ONUs should share the channel 
capacity and resources. We believe the TDMA 
approach is a preferred method of channel shar- 
ing in an access network since it allows using a 
single upstream wavelength and results in a very 
cost-effective solution. However, in [3] we also 
showed the limitation of TDMA approach: the 
lack of statistical multiplexing. 

The burstiness of network traffic results in a 
situation where some time slots overflow even 
under very light load, resulting in packets being 
delayed for several time slot periods. It is also 
true that some time slots remain underutilized 
(not filled completely) even if the traffic load is 
very high. This leads to the PON bandwidth 
being underutilized. 

A dynamic scheme that reduces the time slot 
size when there is no data would allow the excess 
bandwidth to be used by other ONUs. The chal- 
lenge of implementing such a scheme is in the 
fact that the OLT doesn't know exactly how 
many bytes of data each ONU has. 

Below we present an OLT-based polling 
scheme, similar to hub polling [5]. Our algorithm 
uses an interleaved polling approach where the 
next ONU is polled before the transmission 
from the previous one has arrived. This scheme 
provides statistical multiplexing for ONUs and 
results in efficient upstream channel utilization. 

Interleaved Polling with 
Adaptive Cycle Time 

In this section we give a high-level overview of 
the proposed algorithm. For simplicity of illustra- 
tion, we will consider a system with three ONUs: 
1. Assume that at some time /q the OLT knows 
exactly how many bytes are waiting in each 
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ONU's buffer and the round-trip time 
(RTT) to each ONU. OLT keeps this data 
in a polling table, shown in Fig. 2a. At time 
t 0 the OLT sends a control message to 
ONU1, allowing it to send 6000 bytes (Fig. 
2a). We call such a message a Grant. Since, 
in the downstream direction, the OLT broad- 
casts data to all ONUs, a Grant should con- 
tain the ID of the destination ONU, as well 
as the size of the granted window (in bytes). 

2. Upon receiving the Grant from the OLT, 
ONU1 starts sending its data up to the size 
of the granted window (Fig. 2b), in our exam- 
ple up to 6000 bytes. At the same time the 
ONU keeps receiving new data packets from 
users. At the end of its transmission window, 
ONU1 will generate its own control message 
(Request). The Request sent by ONU1 tells 
the OLT how many bytes were in ONUl's 
buffer at the moment the Request was gener- 
ated. In our case there were 550 bytes. 

3. Even before the OLT receives a reply from 
ONU1, it knows when the last bit of ONUl's 
transmission will arrive. This is how OLT 
knows it: 

(a) The first bit will arrive exactly after the 
RTT time. The RTT in our calculation 
includes the actual RTT, Grant processing 
time, and a preamble for the OLT to per- 
form bit and byte alignment on received 
data, that is, exactly the time interval 
between sending a Grant to an ONU and 
receiving data from the same ONU. 

(b) Since the OLT knows how many bytes 
(bits) it has authorized ONU1 to send, it 
knows when the last bit from ONU1 will 
arrive. Then, knowing RTT for ONU2, the 
OLT can schedule a Grant to ONU2 such 
that the first bit from ONU2 will arrive 
soon after the last bit from ONU1, with 
only a small guard interval in between (Fig. 
2b). The guard intervals provide protection 
for fluctuations of RTT and control mes- 
sage processing time of various ONUs. 
Additionally, the OLT receiver needs some 
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time to readjust its sensitivity due to the 
fact that every ONU is located at a differ- 
ent distance from the OLT (far-near prob- 
lem). 

4. After some time, the data from ONU1 
arrives. At the end of the transmission from 
ONU1, there is a new Request that con- 
tains information on how many bytes 
remained in ONUl's buffer when the 
Request transmission began. The OLT will 
use this information to update its polling 
table (Fig. 2c). By keeping track of times 
when Grants are sent out and data is 
received, the OLT constantly updates the 
RTT entries for the corresponding ONUs. 

5. Similarly to the above step, the OLT can 
calculate the time when the last bit from 
ONU2 will arrive. Hence, it will know when 
to send the Grant to ONU3 so that its data 
is tailed to the end of ONU2's data. After 
some more time, the data from ONU2 will 
arrive. The OLT will again update its table, 
this time the entry for ONU2 (Fig. 2d). 

Note that if an ONU emptied its buffer com- 
pletely, it will report 0 bytes back to the OLT. 
Correspondingly, in the next cycle, the ONU will 
be granted 0 bytes, that is, it will be allowed to 
send a new Request, but no data. 

It should be clear from the above description 
that there is no need to synchronize the ONUs, 
nor is there a need to perform a ranging (mak- 



ing ONUs to appear equidistant from the OLT 
by delaying the response from ONUs by a spe- 
cific amount of time) traditionally employed in 
TDMA schemes. Every ONU executes the same 
procedure driven by the Grant messages received 
from the OLT. The entire scheduling and band- 
width allocation algorithm is located in the OLT. 
Thus, it is easy to adaptively change the schedul- 
ing at run-time based on some network condi- 
tions; the ONUs don't need to negotiate or 
acknowledge new parameters, nor do they need 
to switch to new settings synchronously. 

In the above algorithm, we started with the 
OLT already having its table populated. During 
system initialization, since round-trip times are 
unknown, OLT should poll each ONU one at a 
time. The reader is referred to [6] for a detailed 
description of cold start and ONU initialization 
procedures. 

Control-Message Format — The Request and 
Grant messages should only contain two pieces 
of information: ONU's node identification (NID) 
and requested/granted window size (WS). For- 
mat of control messages may have high impact 
on overall system performance. For example, if 
the control messages are encapsulated in Ether- 
net frames, the two problems become apparent: 
• Grant blocking behind long downstream 
frame increases guard band and conse- 
quently degrades upstream utilization. 
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• In case of asymmetric load (high down- 
stream load and light upstream load) cycle 
time becomes very short, which results in 
more frequent Grants consuming more 
downstream bandwidth. 
Fortunately, another solution is available. 
First, we note that an Ethernet frame with its 
64-byte minimum size is overkill for a control 
message consisting only of 1-byte NID and 2- 
byte WS fields. The solution we propose is to 
embed the Grant messages inside the down- 
stream data packets using escape sequences. To 
understand this approach, first recall that Ether- 
net uses 8-to-10 bit encoding as defined by IEEE 
standard 802.3. However, not all of 10-bit values 
are valid encoding of an 8-bit value. One or 
more of these "non-valid" codes can be chosen 
to represent an escape code. Thus, the control 
message (either Grant or Request) will be 4 
bytes long and will consist of 1-byte escape code 
(ESC), 1-byte node ID value, and 2 bytes of win- 
dow size. Such a control message can be inserted 
in the middle of an Ethernet frame or between 
the frames. The receiver will recognize the 
beginning of the embedded control sequence by 
reading the ESC code. It will then extract the 3 
bytes that follow the ESC byte before passing 
the rest of the received data to a standard Ether- 
net MAC. 

Upstream control messages (Requests) will 
use the same 4-byte format and they will be sent 
at the end of the transmission from a given ONU. 

Scheduling a Control Message — Grants are 
always scheduled one cycle ahead. The objective 
of Grant scheduling is to achieve a situation 
when transmissions from all ONUs arrive at 
OLT in order and without overlaps (collisions). 
In fact, to allow the receiver in the OLT adjust 
to a new power level and synchronize on new 
bit/byte boundary, we require a minimum gap 
(guard time) between transmissions from defer- 
ent ONUs. 

The Grants are scheduled with regard to the 
corresponding round-trip times and granted 
window sizes. As a result, the order of Grants 
may be different in every cycle. Scheduling the 
Grant to ONU i + 1 ahead of the Grant to ONU 
i is not a problem as the order of Grants is 
determined in a cycle prior to when they should 
be transmitted. 

Scheduling the Grants as described above 
may result in a Grant scheduling conflict. The 
conflict occurs when two Grants are scheduled 
less than a Grant transmission time apart. 
Adapting to the message format described 
above and assuming a transmission speed of 1 
Gb/s, the Grant transmission time is equal to 
32 ns. To resolve such a conflict, the Grant 
that is scheduled last should be delayed till the 
end of transmission of the previous Grant. 
Grant delay has no significant effect on system 
performance; the only consequence of it is the 
corresponding delay of transmission from the 
ONU (i.e., increase of the guard time before 
that transmission). Of course, after the con- 
flicting Grant is delayed, it may collide again 
with another Grant that was scheduled before. 
In the extreme case, some Grant may collide 
with at most N - 1 other Grants, where N is 



the number of ONUs. For the case of N - 16, 
the maximum acquired delay is 0.48 u,s. Obvi- 
ously, this solution does not introduce any scal- 
ability issues in terms of the value of N because 
multiple collisions only negligibly increase the 
guard time. 

Maximum Transmission Window — If the 

OLT authorizes each ONU to send its entire 
buffer contents in one transmission, ONUs with 
high data volume could monopolize the entire 
bandwidth. To avoid this situation, the OLT will 
limit the maximum transmission size: every 
ONU gets a Grant to send as many bytes as it 
has requested, but no more than some limit 
(maximum transmission window size). There 
could be various schemes for specifying the limit. 
It can be fixed, say, based on a Service Level 
Agreement (SLA) for each ONU, or dynamic — 
based on network conditions. Let us denote an 
ONU-specific maximum transmission window 
size W} l } AV . The choice of specific values of W} t } AV 

, MAX . r ... . MAX 

determines the maximum polling cycle time 
Tmax under heavy load conditions. Making Tmax 
too large will result in increased delay for all the 
packets, including high-priority (real-time) pack- 
ets. Making T M ax too small will result in more 
bandwidth beine wasted by guard times. 

Also, the wQax value determines the guaran- 
teed bandwidtnavailable to ONU-/, that is, the 
ONU is guaranteed to be able to send ^^Ly 
bytes in at most Tmax time. Of course, an ONCrs 
bandwidth will be limited to its guaranteed 
bandwidth only if all other ONUs in the system 
also use all their available bandwidth. If at least 
one ONU has less data, it will be granted a 
shorter transmission window, thus making the 
cycle time shorter, and therefore the available 
bandwidth to all other ONUs will increase pro- 
portionally to their W^L^. This is the mechanism 
behind dynamic bandwidth distribution: by 
adapting the cycle time to the instantaneous net- 
work load (i.e., queue occupancy), the band- 
width is automatically distributed to ONUs 
based on their loads. 

In our simulations we assume that all ONUs 
have the same maximum transmission window, 
that is, Wjjh = WW, V/. We believe Tmax = 2 
ms and guard time of 5 |xs are reasonable choic- 
es. That made Wmax = 15,000 bytes. With that 
choice of parameters, every ONU will get a 
guaranteed bandwidth of 60 Mb/s. It can be 
shown that when only one ONU has data to 
send, the maximum bandwidth available to that 
ONU is 600 Mb/s [6]. 

The remaining question is how the OLT 
should determine the granted window size if the 
requested window size WW < Wmax- Below we 
describe a few approaches the OLT may employ 
in making its decision. 

Fixed service ignores the requested window 
size and always grants the maximum window. As 
a result it has a constant cycle time Tmax- Essen- 
tially this approach corresponds to the fixed 
TDMA PON system [3], It is shown here only 
for comparison. 

Limited service grants the requested number 
of bytes, but no more than Wmax- It is the most 
conservative scheme and has the shortest cycle 
of all the schemes. 



The Grants are 
scheduled with 
regard to the 
corresponding 
round-trip times 
and granted 
window sizes. 
As a result, the 
order of Grants 
may be different 
in every cycle. 
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The Constant Credit scheme adds a constant 
credit to the requested window size. The idea 
behind adding the credit is the following: assume 
jc bytes arrived between the times an ONU sent 
a Request and received the Grant. If the granted 
window size equals requested window + x (i.e., 
it has a credit of size jc), these x bytes will not 
have to wait for the next Grant to arrive; they 
will be transmitted with the current Grant, and 
the average packet delay will be shorter. 

The Linear Credit scheme uses a similar 
approach as the Constant Credit scheme. How- 
ever, the size of the credit is proportional to the 
requested window. The reasoning here is the 
following: network traffic possesses a certain 
degree of predictability [7] specifically; if we 
observe a long burst of data, this burst is likely 
to continue for some time into the future. Cor- 
respondingly, the arrival of more data during 
the last cycle may signal that we are observing a 
burst of packets. 

Elastic service is an attempt to get rid of a 
fixed maximum window limit. The only limiting 



1.0E+08 



1.0E+07 




1.0E+03 



1.0E+02 



0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Offered load 



I Figure 4. Average queue size. 



factor is the maximum cycle time T MAX - The 
maximum window is granted in such a way that 
the accumulated size of last N Grants (including 
the one being granted) does not exceed N x 
Wmax bytes (where N is the number of ONUs). 
Thus, if only one ONU has data to send, it may 
get a Grant of size up to N x Wmax. 

It is worth mentioning that because each 
polling table entry should be updated before 
issuing a Grant to the corresponding ONU, the 
cycle time can never be less than maximum RTT 
to any of the ONUs in the PON. If an ONU is 
ready to be polled but the previous Request has 
not arrived yet, the algorithm will have to pause. 
To remedy such inefficiency, the algorithm may 
grant larger than requested transmission slots to 
ensure that sum of all granted slots and corre- 
sponding guard times is at least as large as the 
maximum RTT. We have not considered the 
effects of such optimization in this study. 

Model Description 

In this study we consider a PON access network 
consisting of an OLT and N ONUs (Fig. 1). 
Every ONU is assigned a downstream propaga- 
tion delay (from the OLT to the ONU) and an 
upstream propagation delay (from the ONU to 
the OLT). To keep the model general, we 
assume independent upstream and downstream 
propagation delays and select them randomly 
(uniformly) over the interval [50 n.s, 100 (is]. 
These values correspond to distances between 
the OLT and ONUs ranging from 10 to 20 km. 

The transmission speeds of the PON and user 
access link may not necessarily be the same. In 
our model we consider R D Mb/s to be the data 
rate of the access link from a user to an ONU, 
and Ry Mb/s to be the rate of the upstream link 
from an ONU to the OLT (Fig. 1). We should 
mention here that if Ru £ N x R D , the band- 
width utilization problem does not exist, since 
the system throughput is higher than the peak 
aggregated load from all ONUs. In this study we 
consider a system with N - 16 and Rq and Ry 
being 100 Mb/s and 1000 Mb/s, respectively. 
Every ONU has a finite memory buffer of size 
Q. In our simulations, Q was set to 10 Mbytes. 

To obtain an accurate and realistic perfor- 
mance analysis, it is very important to simulate 
the system behavior with appropriate traffic 
injected into the system. Our simulation was per- 
formed using synthetic traffic traces that exhibit 
the properties of self-similarity and long-range 
dependence (LRD). 

To generate self-similar traffic, we used the 
method described in [8], where the resulting 
traffic is an aggregation of multiple streams, 
each consisting of alternating Pareto-distributed 
ON/OFF periods. In our implementation every 
stream generates Ethernet packets that are 
transmitted in packet trains (bursts). The num- 
ber of packets per burst (ON period) follows the 
Pareto distribution with a minimum of 1 (i.e., 
the smallest burst consist of only 1 packet) and 
shape parameter a = 1.4. The choice of a was 
prompted by measurements on actual Ethernet 
traffic performed by Leland et al. [9]. They 
reported the measured Hurst parameter of 
approximately 0.8 for moderate network load. 
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The relationship between the Hurst parameter H 
and the shape parameter a is H = (3 - a)/s [8]. 
We have verified that the Hurst parameter of 
the resulting data stream indeed equals 0.8. 

Simulation Results 

In Fig. 3 we present the mean packet delay for 
different Grant scheduling services as a function 
of an ONU's offered load. In this simulation all 
ONUs had identical load. 

As can be seen in the figure, all granting ser- 
vices except fixed service have almost coinciding 
plots. We will discuss fixed service results below. 
As for the rest of them, no other method gives a 
detectable improvement in packet delay. The 
explanation of this lies in the fact that all these 
methods are trying to send more data by way of 
increasing the granted window size. While that 
may clear the queue in fewer polling cycles, the 
polling cycle itself will increase. Overall, all these 
services have negligible effect on packet delay. 

The fixed service plot is interesting as an 
illustration of the traffic long-range dependence. 
Even at the very light load of 5 percent, the 
average packet delay is already very high (—15 
ms). This is because most packets arrive in very 
large packet trains. In fact, the packet trains 
were so large that the 10-Mbyte buffers over- 
flowed and about 0.14 percent of packets were 
dropped. Why do we observe this anomalous 
behavior only with fixed service? The reason is 
that all other services have much shorter cycle 
times; there is just not enough time in a cycle to 
receive more bytes than Wmax> tnus » tne queue 
never builds up. In fixed service, on the other 
hand, the cycle is large (and fixed) from the very 
beginning, and several bursts that arrive close to 
each other can easily overflow the buffer. 

We want to note here that the reduced cycle 
time that adapts exactly to the amount of data 
available in the ONUs is the main advantage of 
the proposed algorithm. 

Figure 4 presents the simulation results for 
the average queue size and is similar to the 
mean delay plot. Again, fixed service has a larger 
queue, which comes as no surprise. That leads to 
a conclusion that neither of the discussed service 
disciplines is better than limited service. As such, 
for the remainder of this study we will focus our 
attention on the limited service discipline. 

Performance of Limited Service 

In this section we analyze the performance of a 
tagged ONU i as a function of its offered load 
and the effective load of the entire network. In 
Fig. 5, we present the average packet delay. 

When the effective network load is low, all 
packets in a tagged source experience very little 
delay, no matter what the ONU's offered load is. 
This is a manifestation of dynamic bandwidth 
allocation — when the network load is low, the 
tagged source gets more bandwidth. 

The opposite situation — low offered load at 
the ONU and high effective network load — 
results in higher delay. The only reason for this 
is the burstiness (i.e., long-range dependence) 
of the traffic. This is the same phenomenon 
observed with fixed service; the only difference 
is that in fixed service the cycle time is large and 
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fixed independent of the effective load. In the 
current case, the cycle time is large because of 
increased effective network load. This cycle time 
is large enough to receive more than Wmax 
bytes of data during a burst. Hence, the queuing 
delay for some packets will increase beyond one 
cycle time. 

Figure 6 shows the probability of a packet loss 
in a tagged ONU i as a function of its offered load 
and the effective load of the entire network. 

Once again we observe that packet loss is 
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zero or negligible if the effective network load is 
less than 80 percent. When the network load is 
above 80 percent and the tagged ONU offered 
load is above 50 percent (50 Mb/s), we observe 
considerable packet loss due to buffer overflow, 
even though the guaranteed bandwidth available 
to tagged ONU is 60 Mb/s. This is again the con- 
sequence of traffic burstiness. 

Conclusion 

In this study we discuss and evaluate design 
issues that must be dealt with in a PON access 
network. Specifically, to drive the cost of an 
access network down, it is very important to 
have an efficient scalable solution. We believe 
that a PON based on polling and with data 
encapsulated in Ethernet frames possesses very 
desirable qualities, such as use of a single down- 
stream and a single upstream wavelength, and 
the ability to provision a fractional wavelength 
capacity to each user. 

We present a simple algorithm for dynamic 
bandwidth allocation based on an interleaved 
polling scheme with an adaptive cycle time. We 
suggest a novel approach for an in-band signal- 
ing that allows use of a single wavelength for 
both downstream data and Grant transmission. 
Also, we showed this approach to be scalable 
with the number of ONUs in the system. 

Since each ONU uses the window size 
required at the moment, the polling cycle time 
adapts to the instantaneous queue loads, leading 
to an adaptive cycle time. This is the basic idea 
behind the fair unused bandwidth redistribution: 
reduced cycle time leads to an increase in the 
amount of best-effort bandwidth available to 
busy ONUs. This increase is proportional to 
their bandwidth needs. 
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This paper presents the concepts and features of Ethernet Passive Optical Network (EPON). As well as discussion of 
upstream multiple access schemes in depth, a new proposal and analytical model of it are developed With a simple 
example of fixed Maximum Transmission Window (MTW) allocation, this paper demonstrates some simulation 
considerations. Finally, this paper gives the statistic results to support our analysis and models. 
Keywords: EPON, Upstream Multiple Access Scheme, TDMA, Grant, Request, MTW, MTW Allocation Algorithm 

I. Introduction 

EPON is one of the newest technologies for the transmission of IEEE802.3 format frame [1] in access network. 
Since its downstream channel uses true broadcast while the upstream channel uses multi-access, the most 
challenging and interesting issue of EPON is the upstream multiple access scheme. 

This paper introduces an EPON upstream nultiple access scheme, then gives an analytical model providing a 
quantitative performance evaluation for it Architecture [3,4] and features of EPON are described briefly in section II. 
Upstream nultiple access schemes are discussed amply in section III, including the Request/Grant mechanism and 
an example MTW allocation algorithm. As a simple scheme, it is useful as a possible start pointer for future work. 
Next, the simulation model is presented in section IV. Finally, in section V, analysis based on simulation results is 
given, as well as some conclusions. 

II. EPON Network Architecture 

The optical section of EPON is a passive point-to-multipoint architecture. The architecture ranges from FTTH (Fiber 
to the Home), through FTTB/C (Fiber to the Building/Curb) to FTTCab (Fiber to the Cabinet). The FTTB/C and 
FTTCab network options are different in implementation but similar in analysis. 
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As shown in figure. 1, this system consists of optical line termination (OLT), optical network unit (ONU) and fiber 
cable which has a passive optical network (PON) configuration with a passive optical splitter. One fiber is passively 
split between multiple ONLT S who share the capacity of it. 

In EPON architecture, downstream direction is defined as frames traveling direction from the OLT to the ONU(s), 
and upstream direction is from the ONU(s) to the OLT. 
Optical Line Termination 

The Optical Line Termination (OLT) interfaces over the Service Node Interface (SNI) to service nodes, and to the 
ODN. OLT manages all the PON specific aspects of the transport system. ONU and OLT provide transparent 
IEEE802.3 frame transport service between the UNIs and the SNI over the PON. 

The OLT is the core of EPON. It broadcasts IEEE802.3 frames from service nodes to all ONUs in the downstream 
channel and tailors frames from every ONU in upstream channel. Also, OLT controls ONUs* accessing upstream 
channel at proper time so that they can send frames in upstream without collision. As the interface between the 
service nodes and PON, OLT can switch the requirements from ONU to proper service nodes and forward 
acknowledges to ONU. 

Optical Network UnfOptical Network Termination 

The optical network unit (ONU) or optical network termination (ONT) interfaces over the ODN to the OLT, and to 
the UNI. Under the control of OLT, the ONU provide transparent 802.3 frame transport between the UNI and the 
SNI. In downstream direction, ONU receives broadcast frames from OLT and filter them by the destination address. 
To access upstream channel, ONU must wait for the grant distributed by OLT. In addition, ONU send the requests 
to OLT to report the transmission window it required. 
Optical Distribution Network 

The Optical Distribution Network (ODN) provides the optical transmission means from the OLT towards the users 
and vice versa. It utilizes passive optical components. 

ULUpstream IvfaMple Access Scheme 

The objective of upstream multiple access schemes are to guarantee the fair and efficient utilization of upstream 
channel. 

ONU 1 MTW ONU 2 MTW ONU N MTW 

h H h — H h H 

GB 

Upstream 
Channel 

IHHf) 111111 laaga^sa Ill HH) Kill 

Variable Length 802.3 Frames 
MTW - Maximum Transmission Window GB - Guard Band 

¥Igur&2 Upstream Channel 

Figure 2 shows a typical state of upstream channel after implementing the upstream multiple access schemes. ONUs 
send 802.3 frames in the transmission window assigned by OLT without changing them. From. OLT* s point, 
upstream channel consists a sequence of 802.3 frames with variable intervals. We define some parameters to 
characterize the upstream channel, including: 

1. ONU Number (N), indicating the total number of ONU in the system; 

2. Maximum Transmission Window (MTW, in bytes), used to limit the transmission window of ONU; 

3. Guard Band (GB, in bytes), representing the unassigned band between two transmission windows for 
preventing the collision; 



274 



4. Upstream Link Data Rate (R^ in bps), illustrating the maximum link speed of upstream channel. 
Obviously, the distribution of MTW is the key issue of the upstream link utilization. Our proposal is to use the 
Request/Grant mechanism to realize the dynamic allocation of MTW. 
Request/Grant Mechanism 

Guajd^and 

OLT — M ~~ 



ONU1 



ONU2 



ONUN 




Grant 



Request 



MTWN 



MTW for ONUN 



Figure.3 Request/Grant Mb an lam 

The Grant is control message to inform an ONU the beginning of its transmission window and the size of it. When 
receiving the grant for itself, ONU begin sending data upstream, including a Request message that conveys the 
transmission window requirement to OLT. Based on this request and the MTW allocation algorithm, OLT generates 
the next grant for this ONU. The Request/Grant mechanism is an interactive process, and combining with different 
MTW allocation algorithm, it can achieve very flexible and efficient usage of upstream channel. Propagation delay 
should be considered carefully in implementation, but the compensation of the propagation delay difference of 
ONUs is beyond the scope of this paper. 
Example MTW Allocation Algorithm 

As a start point, we introduce a simple scheme, fixed MTW scheme. In this case, OLT allocate equal MTW to 
every ONU without taking caring of request of ONU. What OLT need to do is to send Grant to each ONU at 
particular time. When receiving the Grand, ONU just send IEEE802.3 frames waiting in the queue, with a total 
length less than or equal to the MTW. 

This scheme guarantees the bandwidth of each ONU, which is given by Eq(l). The bandwidth of each ONU is 
determined by the MTW assign for it and the sum of total MTW and the Guard Band. 

Tc = -& £g{2) 



MTW, 



e4S) 



M 

Since every frame in the queue of ONU cannot be sent until receiving enough upstream transmission window, EPON 
actually introduces additional delay for these frames besides the propagation delay caused by the fiber. Before 
investigating this effect, we give the total transmission cycle (Tc in S) of all ONU by Eq(2). 

For a frame arrives at ONU, it has to wait at least two transmission windows before being send. In the first window, 
a Request for this frame can be sent to OLT. Then it can be sent in the second windows. That means even in the best 
case, additional delay is larger than Tc. And maybe, in the worst case, it is larger than two times of Tc. In our fixed 
MTW scheme, the delay may reduce to a value less than the Tc since there is no need for Request. 
In conclusion, with determined R^ the MTW has the significant effects on both the bandwidth assignments and 



275 



additional delay of the scheme. To improve the efficiency of upstream access scheme, we need to optimize the MTW 
allocation algorithm. For instance, it may take into account ONU* s transmission window requirement, the priority of 
the ONU and even the class of service when calculating the MTWs. 

IV. Modeling and Simulation for MTW Allocation Algorithm 

In order to illustrate the behavior of MTW Allocation Algorithm, we built models for all of the components in EPON. 
Since the purpose of these models is simulation, and especially performance estimation, subordinate factors have 
been simplified or omitted. 
Frame Formats 

We defined three types of frame, which should be supported by all models in the system. They are as follows: 

■ IEEE802.3 frame styles specified in IEEE 802. 3 standard. 

■ Grant frame, which carries the destination ONU address and MTW. 

■ Request frame, which contains the ONU address and required transmission window. 
OLT Model 
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Figure.4 OLT Model Figure.5 ONU Model 

As shown in figure.4, OLT model consists of two queues, which are used to store downstream and upstream frames, 
one processor, which is used to implement MTW Allocation Algorithm, and several transceivers. 
Once Downstream Rx module received an IEEE802.3 frame, it will be inserted into the tail of Downstream Queue. 
Under the control of the processor, the IEEE802.3 frame in the head of queue can be forwarded to the Downstream 
Tx module and transmit to downstream channel. 

At the same time, Upstream Rx module delivers the upstream frames to the processor, and the frames will be inserted 
into the tail of Upstream Queue except the Request frames. Upstream Tx module will transmit the frame from the 
head of Upstream Queue to service nodes. 

When Upstream Rx module received the Request frames, the processor will get the required transmission window 
information. Based on this information as well as other facts, the processor will calculate the MTW for ONU and 
generate a Grant frame containing new MTW. Then this Grant frame will be sent to the Downstream Tx module and 
transmit it downstream at specified time. 

In this model, the processor just distributes fixed MTW without considering the request of ONU or other issues. New 
MTW Allocation algorithm could be implemented and studied when replacing it with another processor. 
ONU Model 

Figure.5 illustrates the ONU model. Like OLT, ONU also consists of one processor, two queues, and several 
transceivers. 

Once Upstream Rx module received an IEEE802.3 frame from user, it will be inserted into the tail of Upstream 
Queue. Then the processor will decide when to fetch the first frame in the queue and how many bits to be transmitted 
upstream according to the Grant frame. In addition, processor should have the ability to generate Request frame, 
which could convey the information needed by OLT when assigned MTW. 
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In downstream direction, the processor filters the incoming Grant frame from the downstream frames. For ordinary 
IEEE802.3 frame, it was just add to the tail of Downstream Queue. On the other hand, for the Grant frames, the 
processor must decide whether the destination of them is itself by comparing the ONU address in the frame with 
ONU s own address, and then discard those for other ONUs. 

ONU model can be used for the research of other algorithms without any modification. 
Optical Splitter and Combiner Model 

Optical splitter and combiner is a part of ODN in practical EPON. Its model must support its functions logically by 
forwarding frames coming from OLT to all ONU and combining all upstream data into one channel. 
Link Model 

Since the downstream and upstream channel of EPON may operate at different rate. Our link model is a point-to- 
point single direction link with configurable bit rate and no propagation delay. Two links can represent a full duplex 
data link between two nodes of EPON. 
Application Model 

EPON is a kind of extension of Ethernet. So the popular applications that use Ethernet as underlying data delivery 
network will also appear on EPON. WWW browsers, File Transfer, E-mail, database transactions and so on are all 
typical traffics. Each of them causes and experiences a different set of problems in the underlying network, so it is 
desirable to accurately simulate the traffic patterns generated by a variety of applications. Fortunately, we found a 
simulation tool including all of them and more, such as video conferencing and voice communication. [5] 
As another choice, we construct a more general data source model, which supports generating traffic with different 
frame structure, length, inter arrival time and bit rate. And all variables can be set to conform to particular probability 
distribution. 

Simulation Configuration 

Since the bandwidth for each ONU is a predetermined value in our scheme, our simulation focuses on the delay 
performance of fixed MTW scheme in different MTW configuration. For an instance, we only consider the ONU 
queuing delay (the total time for a frame waiting in ONU queue) in 8-ONUs configuration. 




Figure.6 8 ONU Simulation Configuration 
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During simulation, we set upstream and downstream data rates as 100Mbps and a Guard Band of 8 bytes. And each 
upstream data source generates one type of upstream traffic with a data rate of 12.5 Mbps derived from the Eq (1). 
Then, we also change the MTWs from 1518bytes (maximum length of 802.3 frame) to ten times of it during 
simulation, as listed in table below. 
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FJgure.7 Simulation Result 

Figure.7 shows ONU queuing delays in different MTW configurations. The maximum ONU Queuing Delay is 
approximate to ten times larger when MTW increases from 1518 bytes to 15180 bytes. And in both cases, the 
maximum delays are less than T c given by Eq (2), which is properly matched with our analysis in section IH. 

VL Conclusions 

Upstream Multiple Access Scheme is one of the most essential points in EPON technology. By putting forward a 
simple proposal, this paper illustrates the importance of MTW allocation algorithm and builds an analytical model 
for it. And the model is proven to be correct by the statistics results of simulation. 
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Abstract 

This article describes Ethernet passive optical 
networks, an emerging local subscriber access 
architecture that combines low-cost point-to-mul- 
tipoint fiber infrastructure with Ethernet. EPONs 
are designed to carry Ethernet frames at standard 
Ethernet rates. An EPON uses a single trunk 
fiber that extends from a central office to a pas- 
sive optical splitter, which then fans out to multi- 
ple optical drop fibers connected to subscriber 
nodes. Other than the end terminating equip- 
ment, no component in the network requires elec- 
trical power, hence the term passive. Local 
carriers have long been interested in passive opti- 
cal networks for the benefits they offer: minimal 
fiber infrastructure and no powering requirement 
in the outside plant. With Ethernet now emerging 
as the protocol of choice for carrying IP traffic in 
metro and access networks, EPON has emerged 
as a potential optimized architecture for fiber to 
the building and fiber to the home. 

Introduction 

While in recent years the telecommunications 
backbone has experienced substantial growth, lit- 
tle has changed in the access network. The 
tremendous growth of Internet traffic has accen- 
tuated the aggravating lag of access network 
capacity. The "last mile" still remains the bottle- 
neck between high-capacity local area networks 
(LANs) and the backbone network. The most 
widely deployed broadband solutions today are 
digital subscriber line (DSL) and cable modem 
(CM) networks. Although they are an improve- 
ment over 56 kb/s modems, they are unable to 
provide enough bandwidth for emerging services 
such as IP telephony, video on demand (VoD), 
interactive gaming, or two-way videoconferenc- 
ing. A new technology is required; one that is 
inexpensive, simple, scalable, and capable of 
delivering bundled voice, data, and video ser- 
vices to an end-user subscriber over a single net- 
work. Ethernet passive optical networks 



(EPONs), which represent the convergence of 
low-cost Ethernet equipment and low-cost fiber 
infrastructure, appear to be the best candidate 
for the next-generation access network. 

Evolution of the First Mile 

The first mile? Once called the last mile, the 
Ethernet community has renamed this network 
section to the first mile, to symbolize its priority 
and importance. The first mile connects the ser- 
vice provider central offices to business and resi- 
dential subscribers. Also referred to as the 
subscriber access network or local loop, it is net- 
work infrastructure at the neighborhood level. 
Residential subscribers demand first mile access 
solutions that are broadband, offer Internet 
media-rich services, and are comparable in price 
to existing networks. 

Incumbent telephone companies responded to 
Internet access demand by deploying DSL tech- 
nology. DSL uses the same twisted pair as tele- 
phony lines and requires a DSL modem at the 
customer premises and a digital subscriber line 
access multiplexor (DSLAM) in the central office. 
The data rate provided by DSL is typically offered 
in a range of 128 kb/s-1.5 Mb/s. While this is sig- 
nificantly faster than an analog modem, it is well 
shy of being considered broadband, in that it can- 
not support full-service voice, data, and video. In 
addition, the physical area one central office can 
cover with DSL is limited to distances less than 
5.5 km, which constitutes approximately 60 per- 
cent of end-user subscribers. As a result, network 
operators are now deploying remote DSLAMS 
closer to subscribers; however, in general, service 
providers do not provide DSL services to sub- 
scribers located more than a few miles from a 
local exchange office due to costs [1]. 

Cable television companies responded to 
Internet service demand by integrating data ser- 
vices over their coaxial cable networks, which 
were originally designed for analog video broad- 
cast. Typically, these hybrid fiber coax (HFC) 
networks have fiber running between a video 
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head-end or hub to a curbside optical node, with 
the final drop to the subscriber being coaxial 
cable, repeaters, and tap couplers. The drawback 
of this architecture is that each shared optical 
node has less than 36 Mb/s effective data 
throughput, which is typically divided between 
2000 homes, resulting in frustrating slow speed 
during peak hours. To alleviate bandwidth bot- 
tlenecks, optical fibers, and thus optical nodes, 
are penetrating deeper into the first mile. 

The next wave of local access deployment 
promises to bring fiber to the building (FTTB) 
and fiber to the home (FTTH). Unlike previous 
architectures, where fiber is used as a feeder to 
shorten the lengths of copper and coaxial net- 
works, these new deployments use optical fiber 
throughout the access network. New optical fiber 
network architectures are emerging that are 
capable of supporting gigabit per second speeds, 
at costs comparable to DSL and HFC networks. 

Traffic Growth 

Data traffic is increasing at an unprecedented 
rate. Sustainable data traffic growth rate of over 
100 percent per year is observed since 1990. 
There were periods when a combination of eco- 
nomical and technological factors resulted in 
even larger growth rates (1000 percent increase 
per year in 1995 and 1996) [2]. This trend is like- 
ly to continue in the future. Simply put, more 
and more users are getting online, and those 
who are already online are spending more time 
online. Market research shows that after upgrad- 
ing to a broadband connection users spend about 
35 percent more time online than before [3]. 
Voice traffic is also growing, but at a much slow- 
er rate of 8 percent annually. According to most 
analysts, data traffic has already surpassed voice 
traffic. More and more subscribers telecommute, 
and require the same network performance as 
they see on corporate LANs. More services and 
new applications will become available as band- 
width per user increases (Fig. 1). 

Neither DSL nor CMs can keep up with such 
demand. Both technologies are built on top of 
existing copper communication infrastructure 
not optimized for data traffic. In CM networks, 
only a few RF channels are dedicated to data, 
while the majority of bandwidth is tied up servic- 
ing legacy analog video. DSL copper networks 
do not allow sufficient data rates at required dis- 
tances. Most network operators have come to 
the realization that a new data-centric solution is 
necessary. Such a technology would be opti- 
mized for Internet Protocol (IP) data traffic. 
The remaining services, such as voice and video, 
will converge into a digital format, and a true 
full-service network will emerge. 

The Next-Generation Access Network 

Optical fiber is capable of delivering bandwidth- 
intensive integrated, voice, data, and video services 
at distances beyond 20 km in the subscriber access 
network. A logical way to deploy optical fiber in 
the local access network is using a point-to-point 
(P2P) topology, with dedicated fiber runs from the 
local exchange to each end-user subscriber (Fig. 
2a). While this is a simple architecture, in most 
cases it is cost prohibitive due to the fact that it 
requires significant outside plant fiber deployment 
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I Figure 1 . Per-user bandwidth requirements for new services. 
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I Figure 2. Fiber to the home (FTTH) deployment scenarios. 



as well as connector termination space in the local 
exchange. Considering N subscribers at an average 
distance L km from the central office, a P2P 
design requires 2N transceivers and N * L total 
fiber length (assuming single fiber is used for bidi- 
rectional transmission). 

To reduce fiber deployment, it is possible to 
deploy a remote switch (concentrator) close to the 
neighborhood. This reduces fiber consumption to 
only L km (assuming negligible distance between 
the switch and customers), but actually increases 
the number of transceivers to 2N + 2, since there 
is one more link added to the network (Fig. 2b). 
In addition, a curb-switched architecture requires 
electrical power as well as backup power at the 
curb unit. Currently, one of the highest costs for 
local exchange carriers is providing and maintain- 
ing electrical power in the local loop. 
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Therefore, it is logical to replace the hard- 
ened active curb-side switch with an inexpensive 
passive optical component. Passive optical net- 
work (PON) is a technology viewed by many as 
an attractive solution to the first mile problem 
[4, 5]; PONs minimize the amount of optical 
transceivers, central office terminations, and 
fiber deployment. A PON is a point-to-multi- 
point optical network with no active elements in 
the signals' path from source to destination. The 
only interior elements used in a PON are passive 
optical components, such as optical fiber, splices, 
and splitters. Access networks based on single- 
fiber PON only require N + 1 transceivers and 
L km of fiber (Fig. 2c). 

PON TOPOLOGIES 

Logically, the first mile is point-to-multipoint 
(P2MP), with a central office typically servic- 
ing thousands of subscribers. There are several 
multipoint topologies suitable for the access 
network, including tree, tree-and-branch, ring, 
and bus (Fig. 3). Using 1:2 optical tap couplers 
and l:N optical splitters, PONs can be flexibly 
deployed in any of these topologies. In addi- 
tion, PONs can be deployed in redundant con- 
figurations such as double rings or double 
trees; or redundancy may be added only to a 
part of the PON, say the trunk of the tree 
(Fig. 3d). 

All transmissions in a PON are performed 
between an optical line terminal (OLT) and 
optical network units (ONUs). The OLT resides 
in the local exchange (central office), connecting 
the optical access network to the metro back- 
bone. The ONU is located at either the curb 
(FTTC solution) or the end-user location (FTTH 
and FTTB), and provides broadband voice, data, 
and video services. In the downstream direction 
(from OLT to ONUs), a PON is a P2MP net- 
work, and in the upstream direction it is a multi- 
point-to-point network. 

The advantages of using PONs in subscriber 
access networks are numerous: 



• PONs allow for long reach between central 
offices and customer premises, operating at 
distances over 20 km. 

• PONs minimizes fiber deployment in both 
the local exchange office and the local loop. 

• PONs provides higher bandwidth due to 
deeper fiber penetration, offering gigabit 
per second solutions. 

• Operating in the downstream as a broadcast 
network, PONs allow for video broadcast- 
ing as either IP video or analog video using 
a separate wavelength overlay. 

• PONs eliminate the necessity to install 
active multiplexers at splitting locations, 
thus relieving network operators of the 
gruesome task of maintaining active curb- 
side units and providing power to them. 
Instead of active devices in these locations, 
PONs use small passive optical splitters, 
located in splice trays and deployed as part 
of the optical fiber cable plant. 

• Being optically transparent end to end, 
PONs allow upgrades to higher bit rates or 
additional wavelengths. 

APON TO EPON 

Passive optical networking has been considered 
for the access network for quite some time, even 
well before the Internet spurred bandwidth 
demand. The Full Service Access Network 
(FSAN) Recommendation (ITU G.983) defines a 
PON-based optical access network that uses asyn- 
chronous transfer mode (ATM) as its layer 2 pro- 
tocol. In 1995, when the FSAN initiative started, 
ATM had high hopes of becoming the prevalent 
technology in the LAN, MAN, and backbone. 
However, since that time, Ethernet technology 
has leapfrogged ATM. Ethernet has become a 
universally accepted standard, with over 320 mil- 
lion port deployments worldwide, offering stag- 
gering economies of scale [6]. High-speed Gigabit 
Ethernet deployment is widely accelerating and 
10 Gigabit Ethernet products are available. Eth- 
ernet, which is easy to scale and manage, is win- 
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ning new ground in MANs and WANs. Consider- 
ing that 95 percent of LANs use Ethernet, ATM 
PON may not be the best choice to interconnect 
two Ethernet networks. 

One of ATM's shortcomings is the fact that 
a dropped or corrupted cell will invalidate the 
entire IP datagram. However, the remaining 
cells carrying the portions of the same IP data- 
gram will propagate further, thus consuming 
network resources unnecessarily. Also, ATM 
imposes a cell tax on variable-length IP packets. 
For example, for the trimodal packet size distri- 
bution reported in [7], the cell tax is approxi- 
mately 13 percent; that is, to send the same 
amount of user's data an ATM network must 
transmit 13 percent more bytes than an Ether- 
net network (counting 64-bit preamble and 96- 
bit IPG in Ethernet and 12 bytes of overhead 
associated with AAL-5 in ATM). Finally, per- 
haps most important, ATM did not live up to 
its promise of becoming an inexpensive technol- 
ogy; vendors are in decline and manufacturing 
volumes relatively low. ATM switches and net- 
work cards are significantly (roughly 8 x) more 
expensive than Ethernet switches and network 
cards [6]. 

On the other hand, Ethernet looks like a logi- 
cal choice for an IP data-optimized access net- 
work. An Ethernet PON (EPON) is a PON that 
carries all data encapsulated in Ethernet frames. 
Newly adopted quality of service (QoS) tech- 
niques have made Ethernet networks capable of 
supporting voice, data, and video. These tech- 
niques include full-duplex support, prioritization 
(p802.1p), and virtual LAN (VLAN) tagging 
(P802.1Q). Ethernet is an inexpensive technolo- 
gy that is ubiquitous and interoperable with a 
variety of legacy equipment. 

An EPON Network 

The IEEE 802.3 standard defines two basic con- 
figurations for an Ethernet network. In one case 
it can be deployed over a shared medium using 
carrier sense multiple access with collision detec- 
tion (CSMA/CD) protocol. In another case sta- 
tions may be connected through a switch using 



full-duplex links. Properties of an EPON are 
such that it cannot be considered either shared 
medium or a point-to-point network; rather, it is 
a combination of both. 

In the downstream direction, Ethernet frames 
transmitted by OLT pass through a l:N passive 
splitter and reach each ONU. Splitting ratios are 
typically between 4 and 64. This behavior is simi- 
lar to a shared media network. Because Ethernet 
is broadcasting by nature, in the downstream 
direction (from network to user), it fits perfectly 
with the EPON architecture: packets are broad- 
cast by the OLT and extracted by their destina- 
tion ONU based on the media access control 
(MAC) address (Fig. 4). 

In the upstream direction, due to directional 
properties of a passive combiner (optical split- 
ter), data frames from any ONU will only reach 
the OLT, not other ONUs. In that sense, in the 
upstream the behavior of EPON is similar to 
that of a P2P architecture. However, unlike in a 
true P2P network, in EPON frames from differ- 
ent ONUs transmitted simultaneously still may 
collide. Thus, in the upstream direction (from 
user to network), the ONUs need to share the 
trunk fiber channel capacity and resources. 

Multiple Access 

One possible way of separating the channels is 
to use wavelength division multiplexing (WDM), 
in which each ONU operates at a different wave- 
length. While a simple (from a theoretical per- 
spective) solution, it remains cost prohibitive for 
an access network. A WDM solution would 
require either a tunable receiver or a receiver 
array at the OLT to receive multiple channels. 
An even more serious problem for network 
operators would be wavelength-specific ONU 
inventory: instead of having just one type of 
ONU, there would be multiple types of ONUs 
based on their laser wavelength. It would also be 
more problematic for an unqualified user to 
replace a defective ONU. Using tunable lasers in 
ONUs is too expensive at the current state of 
technology. For these reasons a WDM PON net- 
work is not an attractive solution in today's envi- 
ronment. 
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I Figure 5. Upstream traffic in EPON. 



Contention-based media access (something 
similar to CSMA/CD) is difficult to implement 
because ONUs cannot detect a collision at the 
OLT (because of directional properties of opti- 
cal splitter/combiner). An OLT could detect a 
collision and inform ONUs by sending a jam 
signal, however, propagation delays in PON, 
which can exceed 20 km in length, greatly 
reduce the efficiency of such a scheme. Con- 
tention-based schemes also have a drawback of 
providing a nondeterministic service; that is, 
node throughput and channel utilization may be 
described as statistical averages. On a small 
scale (comparable to propagation delay) there is 
no guarantee of a node getting access to the 
media. It is not a problem for CSMA/CD-based 
enterprise networks where links are short and 
typically overprovisioned, and traffic predomi- 
nantly consists of data. Subscriber access net- 
works, however, in addition to data, must 
support voice and video services, and thus must 
provide some guarantees on timely delivery of 
these traffic types. 

We believe time-sharing is the preferred 
method of optical channel sharing in an access net- 
work because it allows for a single upstream wave- 
length (e.g., 1310 nm) and a single transceiver in 
the OLT, resulting in a cost-effective solution. 

To introduce determinism in the frame deliv- 
ery, different noncontention schemes were pro- 
posed. Figure 5 illustrates an upstream 
time-shared data flow in EPON. 

All ONUs are synchronized to a common 
time reference, and each ONU is allocated a 
time slot. Each time slot is capable of carrying 
several Ethernet frames. An ONU should buffer 
frames received from a subscriber until its time 
slot arrives. When its time slot arrives, the 
ONU would "burst" all stored frames at full 
channel speed (standard Ethernet rate). If 
there are no frames in the buffer to fill the 
entire time slot, idles are transmitted. The pos- 
sible time slot allocation schemes could range 
from a static allocation (fixed time-division 
multiple access, TDMA) to a dynamically 
adapting scheme based on instantaneous queue 



size in every ONU (statistical multiplexing 
scheme). There are more allocation schemes 
possible, including schemes utilizing traffic pri- 
ority and QoS, service level agreements (SLAs), 
and oversubscription ratios. 

Decentralized approaches to implementing a 
dynamic slot assignment scheme are also possi- 
ble, in which ONUs decide when to send data 
and for how long. These schemes are somewhat 
similar to a token ring, except that in this case it 
is a passive ring. In such a scheme, every ONU, 
before sending its data, will send a special mes- 
sage announcing how many bytes it is about to 
send. The ONU scheduled next (say, in round- 
robin fashion) will monitor the transmission of 
the previous ONU and time its transmission so 
that it arrives to the OLT right after transmis- 
sion from the previous ONU. Thus, there will be 
no collision, and no bandwidth will be wasted. 
This scheme is similar to hub polling [8]. Howev- 
er, this scheme has a major limitation: it requires 
connectivity (communicability) between ONUs. 
This imposes some constraints on PON topolo- 
gy; namely, the network should be deployed as a 
ring or a broadcasting star. This requirement is 
not desirable since: 

• It may require more fiber to be deployed. 

• Fiber plant with different topology might be 
already predeployed. 

In general, a preferred algorithm shall support 
any P2MP PON topology. 

In an optical access network, we can count 
only on connectivity from the OLT to every 
ONU (downstream traffic) and every ONU to 
the OLT (upstream traffic); this is true for all 
PON topologies. Therefore, the OLT remains 
the only device that can arbitrate time-division 
access to the shared channel. 

The challenge of implementing an OLT- 
based dynamic arbitration scheme is in the fact 
that the OLT does not know how many bytes of 
data each ONU has buffered. The burstiness of 
data traffic precludes a queue occupancy predic- 
tion of any reasonable accuracy. If the OLT is 
to make an accurate time slot assignment, it 
should know the state of a given ONU exactly. 
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One solution may be to use a polling scheme 
based on Grant and Request messages. 
Requests are sent from an ONU to report 
changes in an ONU's state. The OLT processes 
all Requests and allocates different transmission 
windows (time slots) to ONUs. Slot assignment 
information is delivered to ONUs using Grant 
messages. 

The advantage of having centralized intelli- 
gence for the slot allocation algorithm is that the 
OLT knows the state of the entire network and 
can switch to another allocation scheme based 
on that information; the ONUs don't need to 
negotiate or acknowledge new parameters, nor 
switch to new settings synchronously, making 
ONUs simpler and cheaper, and the entire net- 
work more robust. 

Choosing the best allocation scheme, howev- 
er, is not a trivial task. If all users belong to the 
same administrative domain (say a corporate or 
campus network), full statistical multiplexing 
would make sense; network administrators would 
like to get the most out of the available band- 
width. However, subscriber access networks are 
not private LANs, and the objective is to ensure 
SLA compliance for each individual user. Using 
statistical multiplexing mechanisms to get each 
user best effort bandwidth may complicate billing 
and potentially may offset the user's drive to 
upgrade to a higher bandwidth. Also, subscribers 
may get used to and expect the performance 
they get during low-activity hours when lots of 
best-effort bandwidth is available. Then, at peak 
hours, the same users would perceive service as 
unsatisfactory, even though they get what is 
guaranteed by their SLA. An optimized band- 
width allocation algorithm will ultimately depend 
on the future SLA and billing model used by 
service providers. 

Transceiver Issues 

Due to unequal distances between central office 
and ONUs, optical signal attenuation in the 
PON is not the same for each ONU. The power 
level received at the OLT will be different for 
each ONU (the so-called near-far problem). Fig- 
ure 6 depicts power levels received by an OLT 
from four different ONUs. As shown, one 
ONU's signal strength is lower at the OLT, most 
likely due to its longer distance. 

To properly detect the incoming bitstream, 
the OLT receiver must be able to quickly adjust 
its zero-one threshold at the beginning of each 
received time slot (i.e., it should operate in burst 
mode). A burst mode receiver is necessary only 
in the OLT. The ONUs read a continuous bit- 
stream (data or idles) sent by the OLT and do 
not need to readjust quickly. 

An alternative approach may be to allow 
ONUs to adjust their transmitter power such 
that power levels received by the OLT from all 
ONUs become the same. This method is not 
particularly favored by transceiver designers 
because it makes the ONU hardware more com- 
plicated, requires special signaling protocol for 
feedback from the OLT to each ONU, and, most 
important, may degrade the performance of all 
ONUs to that of the most distant unit. 

Another issue is that it is not enough just to 
disallow ONUs to send any data (i.e., send only 
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I Figure 6. An illustration of the near-far problem: a snapshot of received 
power level from four ONUs. 



zeros). The problem is that even in the absence 
of data, lasers generate spontaneous emission 
noise. Spontaneous emission noise from several 
ONUs located close to the OLT can easily 
obscure the signal from a distant ONU. Thus, an 
ONU must shut down its laser between time 
slots. Also, it is important that the laser be able 
to stabilize quickly after being turned on. 

Security 

Security has never been a strong part of Ether- 
net networks. In P2P full-duplex Ethernet securi- 
ty is not a critical issue because there are only 
two communicating stations using a private 
channel. In shared half-duplex Ethernet, security 
concerns are minimized because users belong to 
a single administrative domain and are subject to 
same set of policies. 

P2MP Ethernet, however, has a different set 
of requirements. EPON has a broadcasting down- 
stream channel and serves noncooperative users. 
In fact, an EPON cannot be considered a peer- 
to-peer network in that ONUs cannot communi- 
cate directly with each other (unless purposely 
provisioned to) or even learn of each other's exis- 
tence. Since a malicious ONU may be placed in 
promiscuous mode and read all downstream 
packets, encryption mechanisms are necessary. 
Encryption and decryption may be implemented 
at the physical layer, data link layer, or higher 
layers. Implementing encryption above the MAC 
layer will encrypt the MAC frame payload only, 
and leave headers in plain text. Frame check 
sequence (FCS) is calculated for the encrypted 
payload. In this scenario, a MAC sublayer will 
verify the received frame integrity before passing 
the payload to a higher sublayer for decryption. 
This scheme prevents malicious ONUs from 
reading the payload, but they may still learn 
other ONUs' MAC addresses. 

Alternatively, encryption can be implemented 
in the physical layer (abbreviated as PHY) below 
the MAC. In this scheme, the PHY layer will 



IEEE Communications Magazine • February 2002 



71 



In this scheme no 
information may 
be learned by a 
malicious ONU. 
But the difficulty 
is that PHY by 
definition is a 
connection-less 
layer. Requiring 
the PHY in an 
OLT to apply 
different keys for 
different ONUs 
will make it 
connection- 
aware. Encryption 

in EPON still 
remains an open 
question. 



encode the entire bitstream, including the frame 
headers and CRC. At the receiving end, the 
PHY layer will decrypt the data before passing it 
to the MAC for verification. Since encryption 
keys are different for different ONUs, frames 
not destined to a given ONU will not decrypt 
into a properly formed frame and will be reject- 
ed by the MAC. In this scheme no information 
may be learned by a malicious ONU. But the 
difficulty is that PHY by definition is a connec- 
tionless layer. Requiring the PHY in an OLT to 
apply different keys for different ONUs will 
make it connection-aware. Encryption in EPON 
still remains an open question. 

Service Requirements 

The migration of TDM circuit-switched net- 
works to IP packet-switched networks is pro- 
gressing at a rapid pace. However, although the 
next-generation access network will be optimized 
for IP data traffic, legacy equipment (RF set-top 
boxes, analog TV sets, TDM private branch 
exchangess, etc.) and legacy services (Tl/Els, 
ISDN, POTS, analog video, etc) will remain in 
use in the foreseeable future. Therefore, it is 
critical for next-generation access networks, such 
as EPONs, to be able to provide both IP-based 
services and jitter-sensitive and time-critical 
legacy services that have traditionally not been 
the focus of Ethernet. 

Fortunately, EPONs can be designed to carry 
best-effort data as well as time-critical voice and 
video. This is typically accomplished using QoS 
techniques such as prioritization, VLAN tagging, 
reservations, and bandwidth provisioning. Several 
carriers, ranging from cable companies to large 
incumbent carriers, have deployed Gigabit EPONs 
delivering voice, data, and video. 

The issue in implementing a circuit-over- 
packet emulation scheme is mostly related to 
clock distribution. In one scheme, users provide 
a clock to their respective ONUs, which is in 
turn delivered to the OLT. But since the ONUs 
cannot transmit all the time, the clock informa- 
tion must be delivered in packets. The OLT will 
regenerate the clock using this information. It 
is somewhat trivial to impose a constraint that 
the OLT should be a clock master for all down- 
stream ONU devices. In this scenario, the 
ONUs will recover the clock from its receive 
channel, use it in its transmit channel, and dis- 
tribute it to all legacy devices as a secondary 
clock reference. 

IEEE P802.3AH Status 

The standards work for Ethernet in the local 
subscriber access network is being done in the 
IEEE P802.3ah Ethernet in the First Mile 
(EFM) Task Force. This group received approval 
to operate as a Task Force from the IEEE-SA 
Standards Board in September 2001. 

The P802.3ah EFM Task Force is bringing 
Ethernet to the local subscriber loop, focusing 
on both residential and business access net- 
works. While at first glance this appears a simple 
task, in reality the requirements of local 
exchange carriers are vastly different than those 
of enterprise managers for which Ethernet was 
designed. In order to "evolve" Ethernet for local 



subscriber networks, P802.3ah is focused on four 
primary standards definitions: 

• Ethernet over copper 

• Ethernet over P2P fiber 

• Ethernet over P2MP fiber 

• Operation, administration, and maintenance 
(OAM) 

Thus, the EFM Task Force is focused on 
both copper and fiber standards, optimized for 
the first mile and glued together by a common 
OAM system. This is a particularly strong vision, 
since it allows a local network operator a choice 
of Ethernet flavors using a common hardware 
and management platform. In each of these sub- 
ject areas, new PHY specifications are being dis- 
cussed to meet the requirements of service 
providers while preserving the integrity of Ether- 
net. Standards for EFM are anticipated by 
September 2003, with baseline proposals emerg- 
ing as early as March 2002. 

The Ethernet over P2MP track is focusing on 
the lower layers of an EPON network. This 
involves a PHY specification, with possibly mini- 
mal modifications to the 802.3 MAC. The stan- 
dards work for P2MP fiber-based Ethernet is in 
progress, with a P2MP protocol framework 
emerging. This emerging protocol uses MAC 
control messaging (similar to the Ethernet 
PAUSE message) to coordinate multipoint-to- 
point upstream Ethernet frame traffic. Materials 
concerning the P802.3ah standards effort can be 
found at www.ieee802.org/3/efm and presenta- 
tion materials at www.ieee802.org/ 3/efm/public. 

The Market for EPONs 

Although many sectors of the telecommunications 
industry are suffering from the slowdown in ser- 
vice provider capital expenditures, analysts still 
expect the optical access market to grow rapidly. 
CIBC forecasts the market for PON access sys- 
tems to reach $1 billion by 2004 from $23 million 
in 2000 [9]. Unlike the backbone network, which 
received an abundance of investment in long-haul 
fiber routes during the Internet boom, optical 
technology has not been widely deployed in the 
access network. It is possible that EPONs and 
P2P optical Ethernet offer the best possibility of a 
turnaround in the telecom sector. Service pro- 
viders investing in optical access technologies will 
enable new applications, stimulating revenue 
growth and driving more traffic onto backbone 
routes. The large increase in access network 
bandwidth provided by EPONs and P2P optical 
Ethernet will eventually stimulate renewed invest- 
ment in metro and long-haul fiber routes. 

Conclusion 

The subscriber access network is constrained by 
equipment and infrastructure not originally 
designed for high-bandwidth IP data. Whether 
riding on shorter copper drops or optical fiber, 
Ethernet is emerging as the future broadband 
protocol of choice, offering plug and play sim- 
plicity, IP efficiency, and low cost. Of particular 
interest are Ethernet PONs, which combine low- 
cost point-to-multipoint optical infrastructure 
with low-cost high-bandwidth Ethernet. The 
future broadband access network is likely to be a 
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combination of point-to-point and point-to-mul- 
tipoint Ethernet, optimized for transporting IP 
data, as well as time critical voice and video. 
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Abstract 

The prohibitive cost of dedicated fiber local loops for residential customers led to the development of passive 
optical networks (PONs) for access to broadband services. However the passive splitting of optical signals 
which gives flexibility, low cost and robustness creates a broadcast physical topology compromising customer 
privacy. Encryption is the only cost-effective way to prohibit global reception and create the required point-to- 
point logical links restoring confidentiality to the desirable degree. Because of the very high speed of such 
networks, only solutions amenable to hardware implementations are acceptable. ATM cells are allocated to the 
system users on a time division basis each encrypted with a different key. A suitable for the PON environment 
encryption solution based on the summation generator stream cipher is presented with an outline of its 
hardware implementation. 

1. Introduction 

Access networks represent the most cost-sensitive part of the communication infrastructure since they cover 
the links of the customers to the network which are unique for each domestic site and must be-directly or 
indirectly paid by the corresponding customer. Low traffic intensities and low sharing of infrastructure lead to 
slow return on investment making the undertaking of an upgrade to higher rates a risky project. For these 
reasons, shared architectures such as Passive Optical Networks (PONs) in combination with the Asynchronous 
Transfer Mode (ATM) are considered one of the most promising solutions for the introduction of broadband 
services to residential users. They feature a tree-like architecture, with the root of the tree positioned in a 
central place and the terminals (leafs) scattered around 10 Km away [11], or even 100km in the case of 
SuperPONs [12]. The trunk and the main branches of the network consist of optical fibers in common use. 
Only the last drop is dedicated. Statistical multiplexing of ATM cells effected with the help of the Medium 
Access Control (MAC) protocol can dynamically adjust bandwidth distribution among many traffic streams 
based on momentary needs, and so lower the per user cost of the infrastructure. Even without taking into 
account the multiplexing gain prospects which are significant for most applications (Video on Demand (VoD), 
Internet access, LAN emulation, etc.) the efficiency of Time Division Multiple Access (TDMA) can not be 
ignored. Traffic concentration is both desirable and possible in the local loop with its cost sensitivity. 

Because of the topology of the network several peculiar problems arise relating to the sharing of medium and 
providing privacy and security. The main security threat comes from the fact that all downstream information 
is broadcast to every user. Special fast encryption methods are needed to realize a cost-effective, robust and 
secure network. Guided by the framework of ETSI STAG [13], we identify the threats, and security 
services/measures/objectives of a PON. Although the threats arising in a PON place at risk all three dimensions 
of security (confidentiality, integrity, authenticity), in this paper we mainly concentrate on the confidentiality 
issue and propose an encryption scheme to restore the lost privacy. 

2. A typical PON system architecture 

The dominant feature of a PON architecture is its tree topology with a central point at the root of the tree 
through which all traffic has to pass. Optical splitters divide the signal into N equal copies in the downstream 
direction (from head-end to customers) whereas they multiplex the upstream transmissions into a single stream 
directed to the local switch (Fig.l). TDMA (Time Division Multiple Access) multiplexing of cells is adopted 



since it has emerged as the most effective method. For the proper operation of the TDMA method, the cells 
transmitted upstream must combine in a way creating a train of cells without catastrophic overlaps (Fig. 2) and 
with a minimal and controlled interceU spacing (guardband). Thus a train of slots must be created by the 
physical layer. The formation of this train and all related problems of sharing the common medium are 
controlled by the MAC sublayer (111, which uses an overhead at the beginning of the ATM cells, the size of 
which depends on a lot of factors but when oversampling [91 is employed, it can stay at no more than two 
bytes. To tap the efficiency and the multiplexing gain promised by TDMA, a dynamic MAC protocol is 
needed. Reservation on a cell basis has been the method of choice for dynamic protocols [11], 




ONU * Optica) Network Un* 
ONT - Optical Network Termination 

Fig. 1. Typical access PON architecture 



Similar in principle is the set-up of a SuperPON with the addition of Optical Amplifiers which increase the 
available power budget to offer a higher splitting ratio and a longer range, reaching up to 15000 customers. 
Regarding security, there are no significant differences between the PON and the SuperPON except for 
quantitative ones stemming from the higher rates and number of users. The method proposed herewith 
designed for a SuperPON is also applicable to a normal PON. 




Fig. 2. TDMA multiplexing of ATM cells 



3. Services and Threats 

The services typically offered on a PON are the following:. 

• PSTN (i.e. POTS, FAX), 

• ISDN- based ( tele-working, video-telephony), 

• "On Demand" services (i.e. Video on Demand), 

• on-line services (e.g. Internet access, Gle transfer), 

• digital broadcasting (i.e. Near Video on Demand, Digital Video Broadcasting ), e.t.c. 

In line with the mandates of [1 3], the security measures required in a PON are: 

• Confidentiality of user data, 

• confidentiality of signaling data, 

• authentication of user/user device to network, 

• authentication of network to userAiser device, 

• integrity of user data, 

• integrity of signaling information e.t.c. 

The threats facing a PON based access system include in addition to those usually found in a communication 
network, novel ones arising from the peculiarities of the topology, components and usage. PONs are no more 
vulnerable to external abuse than usual fiber networks as regards malicious users not connected oh the same 
tree. Very different is the case for users connected to the same tree who attempt to eavesdrop or disrupt normal 
usage. This malicious activity can now take place from one's home by exploiting the accessibility afforded by 
the shared medium topology. It is the main mandate of encryption to deny malicious users the possibility of 
eavesdropping. To this end it is employed at the ATM level, in contrast (or in addition) to application level 
encryption. It should be noted that whatever measures are taken by the PON, only cover the access pan and are 
not applicable end-to-end. Therefore, services with strict security requirements will anyway resort to 
encryption at the presentation layer even if no methods to analyse and decrypt PON information existed. The 
objective of the PON encryption is to restore for the ordinary services (which today are offered without 
ciphering but rely on whatever privacy is offered by the dedicated medium), the same privacy level as enjoyed 
with a private cable, counteracting the physical broadcast downstream topology. 

4. The proposed encryption solution for PONs 

So, in a PON network, encryption has the important role of turning the inherent broadcast downstream 
architecture into a point-to-point one. Thus although on the physical level all information still reaches all 
customers, each one should be able to decrypt and understand only the cells addressed to him. In contrast, the 
upstream direction is much less vulnerable. The only concern arises from the reflections of the upstream 
signals on the optical splitters. These reflections are detectable but most probably not readable at the customer 
premises. The proposed solution could be applied to both directions in the event that the reflections prove to be 
a security risk. 

The requirements dictated by the PON environment on the encryption system are the following: 

- The security objectives of PONs are to reach a security level similar to the one existing in the Universal 
Mobile Telecommunication Service (UMTS) networks which also have a broadcast physical topology and face 
similar threats, (i.e. to require as much effort and cost to eavesdrop as in a UMTS network). 

- There should be a minimum sacrifice of bandwidth. 

- The system should not have an indirect impact on the MAC protocol leading to a more complex MAC. 

- The system should not lead to higher loss of data. 



Under the above considerations we propose an encryption system using the Summation Generator, which is 
based on stream ciphers and can offer easy and fast hardware implementation matching the high speed of PON 
networks and particularly the SuperPONs. 

A stream cipher specifies a device with internal memory that enciphers the jlh digit pj of the plaintext stream 
into the jth digit cj of the ciphertext stream using an XOR function which depends on % both the key k and the 
internal state of the stream cipher at time j. 

A stream ciphering system is considered secure if it satisfies the following requirements. 
Period : The keystream sequence should have a long period. 

Linear Complexity: The length of the shortest Linear Feedback Shift Registers (LFSRs) able to produce the 
keystream sequence must be large. (The keystream sequence should have noise-like characteristics). 
Statistical Tests : The keystream sequence should satisfy all statistical tests (frequency, binary derivative, 
change point poker, runs, sequence complexity, linear complexity, universal) [4], 
Correlation Immunity: The sequence should have high order correlation immunity. 

The summation generator (see Figure 3) due to Rueppel [7] consists of n LFSRs, whose length is pairwise 

relatively prime, and one memory bit. The LFSRs produce the sequences a(U) for i=l n and a memory bit 

sequence s(t). 

The output bit sequence (key stream) z(t) is defined by 



The keys of the summation generator consist of the initial state vectors, the tap settings of the LFSRs, and the 
initial values of the memory bit s(t-l). 

The period has length (2 u -l)...(2M) ... (2 to -l) where li represents the length of the n LFSRs (A number n=8 was 
selected in this application). Although the summation generator has been cryptanalyzed initially for a number 
of LFSRs equal to 3 [1], while recently methodologies for an analysis for any number of LFSR have been 
devised [14], [15], an analytic attack requires very significant effort compared to the value of the information 
contained in those residential services not protected by further application level encryption. 
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Fig.3. The summation generator 
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A hardware implementation of the summation generator in the case of a SuperPON is outlined below. The 
impact on the implementation of each expression of the above equations will be investigated. 

The double sum in the second equation uses values of a(i,t) that are independent of the corresponding values of 
s(t-i). This means with enough adders in the ASIC we can perform parallel computation of the sums referring 
to the time t with those referring to the times t+l ? t+2, etc and have them available when needed. This way the 
calculation of the nested sum causes no extra delay in the execution time of the whole algorithm.. The number 
of adders necessary for that are about 2n, and can be easily coorporated in an ASIC. 

The sum of the first equation has a dependance on the value of s(t-l) which means that for computing this we 
need an extra step after the value of s(t-l) has been calculated. The most time critical computation is that of the 

n 

second sum of the second equation, i.e. ^a{i,t)s(t - i) which has dependencies on all former n values of the 

ml 

expression s(t-i) and its execution cannot begin not even in part before the computation of s(t-l). In a normal 
serial execution, it would require n steps, i.e. n clock times. It can however be computed in parallel by using n 
adders. The numbers of steps can then be log 2 n and the minimum necessary time is log 2 n clock times. That 
means that for n=8 we need 3 clock times. The same time is needed also for n=5 to 7, which explains the 
choice of 8 LFSRs. 

A typical diagram for the parallel execusion of this sum is given in Figure 4 below. 





Notes: All values of a are at the moment (t) 

Each row shows one computing step, i.e. one clock time. 



Figure 4. Parallel Execution of the sum. 



As seen from the above discussion, the whole decryption procedure can be performed in 5 steps (4 for the sums 
and I for the EXOR function), which needs 5 clock times. The total number of necessary flip-flops is about 
500, which can be easily corporated in an ASIC, or even an FPGA. 

Given that the High Speed PONs can have a bitrate of hundred or even thousands of Mbps. and that chips can 
now achieve propagation delays of a few nano-seconds, it is clear that even in the case of parallel computation, 
we are short of the desired speed by a factor of 5 to 10, if we want to make on line encryption on the 
downstream transmission of PONs. 

There are two ways to alleviate the speed problem; cipher per connection or per ONU. 

In the first case, the encryption is done at much lower speed independently for each connection (VPI/PCI 
value) before multiplexing to the downstream. The disadvantage is that we should have as many encryption 
engines and keys as the possible number of simultaneous connections, which can be many thousands in a 
SuperPON. Still those of high bit rate connections will have to be hardware based. An advantage is that we 
will only load once the key to initialize the encryption and decryption engines, however directing each cell to 
the appropriate engine after inspecting its VCI/VPI requires considerable circuitry for such a high number of 
engines. 

In the second case, the encryption is done at lower speed for separate groups of connections before their 
multiplexing. In a SuperPON the downstream transmission consists essentially of 16x155Mbps streams which 
are bit interleaved to form the 2.4Gbps full stream. Each ONU receives only one of these streams (or two; one 
for interactive, and one for distributive services). Therefore 16 engines operating at 155Mbps are enough and 
can fit in one ASIC. This solution leads to a much lower number of encryption engines, but still each engine 
supports time multiplexed cells directed to different ONUs which must be ciphered using different keys. Hence 
the values of the cipher-text found in the registers after the encryption of a cell, should be stored to be reloaded 
when the next cell for the same ONU arrives, while those of the destination ONU of the current cell should be 
recalled for encryption to proceed. No such storing of register values is necessary at the ONU engines. Simply 
the engine is paused while no cells destined for that ONU arrive and restarts where it stopped with the next cell 
(or byte in case of POTS supported by composite cells). 

PONs have many terminal optical units (ONUs), most of which serve more than one customer. Since each 
ONU is connected to its users through dedicated lines, the special security problems that exist in PONs, do not 
arise between the ONU and its customers. So decryption takes place in ONUs and the information is forwarded 
to the terminals in the form it had arrived at the OLT, since the last drop provides no different security than 
any dedicated link currently in use in the access. 

It is worth noting that the fact that all connections through an ONU are encrypted with the same session key 
does not reduce the security of the system, since ONUs belong to the operator and tampering with them is as 
difficult (or as easy) as with any part of a public network, 

5. Key management 

The keys for the summation generator cipher are the initial settings of the registers of the encryption engine. 
All engines are identical and given the same initial settings they produce the same sequence. The need for the 
change of a key can arise either from loss of synchronization (i.e., different values of the registers at the first 
bit of a cell) of the engines or other faulty conditions detected by fault management, or. most likely, from 
periodic key updates. 

Errors of the encrypted information bits, which can happen at the prevailing BER of the link, do not lead to the 
loss of synchronization, because both OLT and ONU in order to run or to stop the encryption engines calculate 
simply the number of bits encrypted/decrypted each time, which is constant (the number of bits in a cell or a 
byte) and do not depend on the bits themselves. Misreception of some bits leads to the loss of information 
which is contained in these bits, the same if they are encrypted or not, and do not have any effect in the 
production of the ciphertext 



Although the sequence produced by the proposed summation generator is very long, and practically suffices 
for the transmission of data for many days, it is good practice to change the keys often to minimize the damage 
from broken keys. We note that in PON networks is very easy to obtain encrypted plain-text A malicious user 
can send a message to the user whose machine he wants to attack. If he has an ONU at his disposal (which is 
the case for the fiber to the home), he will also receive the message in the encrypted form (since ail 
information goes to all ONUs) and by adding to it modulo 2 the message that he has sent, he will have the 
ciphertext. From this however he cannot find the initial register settings, so that this ciphertext is useless since 
the same will never be re-used. 

Changing keys requires the exchange of OAM cells, so the frequency of change is only limited by the required 
overhead for frequent changes. Since an analysis of the summation generator has become possible since the 
time this work was first submitted, [14], [15], a frequent key change will keep the benefit from a successful 
attack tow. One approach is to change keys during times of reduced traffic exploiting idle slots. 

Responsibility for the key management belongs to the OLT which distributes in a secure way the secret 
encryption keys to the ONUs. The procedure followed to change the key is the following. Public key 
encryption is used. The OLT sends to the corresponding ONU an Operation And Maintenance (OAM) cell 
with a change key command to announce that a session key is requested. When the ONU receives this cell it 
calculates the new session key. In order to prevent an intruder to force a key change the new session key has to 
be certified by the ONU. We will use the Rivest-Shamir-Adleman (RSA) [6] scheme to achieve this goal. Each 
ONU generates two large prime number p, q (greater or equal to 2 r , where r is the length of the session key). 
Compute n=pq. Choose a number e such that the numbers e and (p-l)(q-l) are relative prime. Compute d=e' 
I mod(p-l)(q-l). The numbers e, n are the public keys, and d is the private key which only ONU knows. The 
ONU signs the message with the new session key M using its private key and he sends the signed message 
S=M d modn to the OLT via the secure upstream channel. Upon reception, the OLT checks the authenticity of 
the message by checking whether S°modn=M. 

To ensure that both OLT and ONU have the same key The ONU attaches a verification block which is a known 
header to the plaintext message before encryption. When OLT decrypts the verification block it verifies 
whether it is correct. Although this gives an intruder plaintext information to cryptanalyze the system with a 
known plaintext attack, this will not be feasible in our case since the summation generator used is not 
vulnerable to such an attack. 

6. Conclusions 

Sharing the OLT and the feeder fiber by means of PONs or SuperPONs reduces the per customer cost of 
access to broadband services but at the same time privacy is compromised. To rectify this problem resort to 
cell level encryption is adopted. Because of the high speed, hardware based solutions must be chosen. A stream 
cipher solution based on the summation generator is found suitable for the purpose in combination with a 
public key management scheme. One engine per 155Mbps stream can be implemented in a high speed logic 
circuit with the presented architecture. Since the encryption is not applied end-to-end, there is no point in 
pursuing a more expensive scheme. Particularly demanding services such as tele-banking will still need 
additional measures at application level which however will be at much lower speed. 
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Ethernet Passive Optical Networks 
Definition 

Ethernet passive optical networks (EPON) are an emerging access network 
technology that provides a low-cost method of deploying optical access lines , 
between a carrier's central office (CO) and a customer site. EPONs build on the 
International Telecommunications Union (ITU) standard G.983 for 
asynchronous transfer mode PONs (APON) and seek to bring to life the dream of 
a fiill-services access network (FSAN) that delivers converged data, video, and 
voice over a single optical access system. 

Overview 

The communications industry is on the cusp of a revolution that will transform 
the landscape. This revolution is characterized by three fundamental drivers. 
First, deregulation has opened the local loop to competition, launching a whole 
new class of carriers that are spending billions to build out their networks and 
develop innovative new services. Second, the rapid decline in the cost of fiber 
optics and Ethernet equipment is beginning to make them an attractive option in 
the access network. Third, the Internet has spawned genuine demand for 
broadband services, leading to unprecedented growth in Internet protocol (IP) 
data traffic and putting pressure on carriers to upgrade their networks. 

These drivers are, in turn, promoting two new key market trends. First, 
deployment of fiber optics is extending from the backbone to the wide-area 
network (WAN) and the metropolitan-area network (MAN) and will soon 
penetrate into the local loop. Second, Ethernet is spreading from the local-area 
network (LAN) to the MAN and the WAN as the uncontested standard. 

The convergence of these factors is leading to a fundamental paradigm shift in 
the communications industry, a shift that will ultimately lead to widespread 
adoption of a new optical IP Ethernet architecture that combines the best of fiber 
optics and Ethernet technologies. This architecture is poised to become the 
dominant means of delivering bundled data, video, and voice services over a 
single platform. 

This tutorial discusses the economics, technological underpinnings, features and 
benefits, and history of EPONs. 
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1. Evolution of Passive Optical Networks 

Passive optical networks (PONs) address the last mile of the communications 
infrastructure between the service provider's CO, head end, or point of presence 
(POP) and business or residential customer locations. Also known as the access 
network or local loop, the last mile consists predominantly, in residential areas, 
of copper telephone wires or coaxial cable television (CATV) cables. In 
metropolitan areas, where there is a high concentration of business customers, 
the access network often includes high-capacity synchronous optical network 
(SONET) rings, optical T3 lines, and copper-based Tis. 

Typically, only large enterprises can afford to pay the $3,200 - $4,300 per 
month it costs to lease a T3 (45 Mbps) or optical carrier (OC)~3 (155 Mbps) 
SONET connection. Tis at $375 per month are an option for some medium-size 
enterprises, but most small and medium-size enterprises and residential 
customers are left with few options beyond plain old telephone service (POTS) 
and dial-up Internet access. Where available, digital subscriber line (DSL) and 
cable modems offer a more affordable interim solution for data, but they are 
difficult and time-consuming to provision. In addition, bandwidth is limited by 
distance and by the quality of existing wiring; and voice services have yet to be 
widely implemented over these technologies. 
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Even as the access network remains at a relative standstill, bandwidth is 
increasing dramatically on longhaul networks through the use of wavelength 
division multiplexing (WDM) and other new technologies. Recently, WDM 
technology has even begun to penetrate metropolitan-area networks (MAN), 
boosting their capacity dramatically. At the same time, enterprise local-area 
networks (LAN) have moved from 10 Mbps to 100 Mbps, and soon many LANs 
will be upgraded to gigabit Ethernet speeds. The result is a growing gulf between 
the capacity of metro networks on one side and end-user needs on the other, with 
the last-mile bottleneck in between. 



Figure 1. Sweet Spot for Passive Optical Networks 
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PONs aim to break the last-mile bandwidth bottleneck by targeting the sweet 
spot between Tis and OC-3S that other access network technologies do not 
adequately address. 

The two primary types of PON technology are asynchronous transfer mode PONs 
(APONs) and Ethernet PONs (EPONs). 



APONs 

APONs were developed in the mid 1990s through the work of the full-service 
access network (FSAN) initiative. FSAN was a group of 20 large carriers that 
worked with their strategic equipment suppliers to agree upon a common 
broadband access system for the provisioning of both broadband and 
narrowband services. British Telecom organized the FSAN Coalition in 1995 to 
develop standards for designing the cheapest, fastest way to extend emerging 
high-speed services, such as Internet protocol (IP) data, video, and 10/100 
Ethernet, over fiber to residential and business customers worldwide. 

At that time the two logical choices for protocol and physical plant were ATM and 
PON: ATM because it was thought to be suited for multiple protocols, PON 
because it is the most economical broadband optical solution. The APON format 
used by FSAN was accepted as an International Telecommunications Union 
(ITU) standard (ITU-T Rec. G.983). The ITU standard focused primarily on 
residential applications and in its initial version did not include provisions for 
delivering video services over the PON. Subsequently, a number of start-up 
vendors introduced APON-compliant systems that focused exclusively on the 
business market. 
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EPONs 



The development of EPONs has been spearheaded by one or two visionary start- 
ups that feel that the APON standard is an inappropriate solution for the local 
loop because of its lack of video capabilities, its insufficient bandwidth, its 
complexity, and its expense. Also, as the move to fast Ethernet, gigabit Ethernet, 
and now 10-gigabit Ethernet picks up steam, these start-ups believe that EPONs 
will eliminate the need for conversion in the wide-area network (WAN)/LAN 
connection between ATM and IP protocols. 

EPON vendors are focusing initially on developing fiber-to-the-business (FTTB) 
and fiber-to-the-curb (FTTC) solutions, with the long-term objective of realizing 
a full-service fiber-to-the-home (FTTH) solution for delivering data, video, and 
voice over a single platform. While EPONs offer higher bandwidth, lower costs, 
and broader service capabilities than APON, the architecture is broadly similar 
and adheres to many G.983 recommendations. 

In November 2000, a group of Ethernet vendors kicked off their own 
standardization effort, under the auspices of the Institute of Electrical and 
Electronics Engineers (IEEE), through the formation of the Ethernet in the First 
Mile (EFM) study group. The new study group aims to develop a standard that 
will apply the proven and widely used Ethernet networking protocol to the access 
market. Sixty-nine companies, including 3Com, Alloptic, Aura Networks, 
CDT/Mohawk, Cisco Systems, DomiNet Systems, Intel, MCI WorldCom, and 
World Wide Packets, have indicated they will participate in the group. 

2. Economic Case for Ethernet PONs 

The economic case for EPONs is simple: fiber is the most effective medium for 
transporting data, video, and voice traffic, and it offers virtually unlimited 
bandwidth. But the cost of running fiber "point-to-point" from every customer 
location all the way to the CO, installing active electronics at both ends of each 
fiber, and managing all of the fiber connections at the CO is prohibitive. EPONs 
address the shortcomings of point-to-point fiber solutions by using a point-to- 
multipoint topology instead of point-to-point in the outside plant; by eliminating 
active electronic components, such as regenerators, amplifiers, and lasers, from 
the outside plant; and by reducing the number of lasers needed at the CO. 
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Table 1. Comparison of Point-to-Point Fiber Access and EPONs 



Point-to-Point Fiber 
Access 


EPON 


Point-to-Point Architecture 


Point-to-Multipoint Architecture 


ACtlVc ClcCU UI11L 

components are required at 
the end of each fiber and in 
the outside plant. 


12(1111111 id LCo dCClVC C1CI«L1 Ulill. oULll do 1 CgCllCl CtLUl o 

and amplifiers, from the outside plant and replaces them with 
less-expensive passive optical couplers that are simpler, easier 
to maintain, and longer lived than active components 


Each subscriber requires a 
separate fiber port in the CO. 


Conserves fiber and port space in the CO by passively 
coupling traffic from up to 64 optical network units (ONU) 
onto a single fiber that runs from a neighborhood 
demarcation point back to the service provider's CO, head 
end, or POP 


Expensive active electronic 
components are dedicated to 
each subscriber 


Cost of expensive active electronic components and lasers in 
the optical line terminal (OLT) is shared over many 
subscribers 



Unlike point-to-point fiber-optic technology, which is optimized for metro and 
longhaul applications, EPONs are tailor-made to address the unique demands of 
the access network. Because they are simpler, more efficient, and less expensive 
than alternative access solutions, EPONs finally make it cost-effective for service 
providers to extend fiber into the last mile and to reap all the rewards of a very 
efficient, highly scalable, low-maintenance, end-to-end fiber-optic network. 

The key advantage of an EPON is that it allows carriers to eliminate complex and 
expensive asynchronous transfer mode (ATM) and SONET elements and to 
simplify their networks dramatically. Traditional telecom networks use a 
complex, multilayered architecture, which overlays IP over ATM, SONET, and 
WDM. This architecture requires a router network to carry IP traffic, ATM 
switches to create virtual circuits, add/drop multiplexers (ADM) and digital 
cross-connects (DCS) to manage SONET rings, and point-to-point DWDM optical 
links. 

There are a number of limitations inherent to this architecture: (1) it is fiendishly 
difficult to provision because each network element (NE) in an ATM path must 
be provisioned for each service; (2) it is optimized for time division multiplex 
(TDM) voice— not data— so its fixed bandwidth channels have difficulty handling 
bursty data traffic; (3) it requires inefficient and expensive optical-to-electrical- 
to-optical (O-E-O) conversion at each network node; (4) it requires installation 
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1. Evolution of Passive Optical Networks 

Passive optical networks (PONs) address the last mile of the communications 
infrastructure between the service provider's CO, head end, or point of presence 
(POP) and business or residential customer locations. Also known as the access 
network or local loop, the last mile consists predominantly, in residential areas, 
of copper telephone wires or coaxial cable television (CATV) cables. In 
metropolitan areas, where there is a high concentration of business customers, 
the access network often includes high-capacity synchronous optical network 
(SONET) rings, optical T3 lines, and copper-based Tis. 

Typically, only large enterprises can afford to pay the $3,200 - $4,300 per 
month it costs to lease a T3 (45 Mbps) or optical carrier (OC)-3 (155 Mbps) 
SONET connection. Tis at $375 per month are an option for some medium-size 
enterprises, but most small and medium-size enterprises and residential 
customers are left with few options beyond plain old telephone service (POTS) 
and dial-up Internet access. Where available, digital subscriber line (DSL) and 
cable modems offer a more affordable interim solution for data, but they are 
difficult and time-consuming to provision. In addition, bandwidth is limited by 
distance and by the quality of existing wiring; and voice services have yet to be 
widely implemented over these technologies. 
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Even as the access network remains at a relative standstill, bandwidth is 
increasing dramatically on longhaul networks through the use of wavelength 
division multiplexing (WDM) and other new technologies. Recently, WDM 
technology has even begun to penetrate metropolitan-area networks (MAN), 
boosting their capacity dramatically. At the same time, enterprise local-area 
networks (LAN) have moved from 10 Mbps to 100 Mbps, and soon many LANs 
will be upgraded to gigabit Ethernet speeds. The result is a growing gulf between 
the capacity of metro networks on one side and end-user needs on the other, with 
the last-mile bottleneck in between. 



Figure 1. Sweet Spot for Passive Optical Networks 
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PONs aim to break the last-mile bandwidth bottleneck by targeting the sweet 
spot between Tis and OC-3S that other access network technologies do not 
adequately address. 

The two primary types of PON technology are asynchronous transfer mode PONs 
(APONs) and Ethernet PONs (EPONs). 



APONs 

APONs were developed in the mid 1990s through the work of the full-service 
access network (FSAN) initiative. FSAN was a group of 20 large carriers that 
worked with their strategic equipment suppliers to agree upon a common 
broadband access system for the provisioning of both broadband and 
narrowband services. British Telecom organized the FSAN Coalition in 1995 to 
develop standards for designing the cheapest, fastest way to extend emerging 
high-speed services, such as Internet protocol (IP) data, video, and 10/100 
Ethernet, over fiber to residential and business customers worldwide. 

At that time the two logical choices for protocol and physical plant were ATM and 
PON: ATM because it was thought to be suited for multiple protocols, PON 
because it is the most economical broadband optical solution. The APON format 
used by FSAN was accepted as an International Telecommunications Union 
(ITU) standard (ITU-T Rec. G.983). The ITU standard focused primarily on 
residential applications and in its initial version did not include provisions for 
delivering video services over the PON. Subsequently, a number of start-up 
vendors introduced APON-compliant systems that focused exclusively on the 
business market. 
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EPONs 



The development of EPONs has been spearheaded by one or two visionary start- 
ups that feel that the APON standard is an inappropriate solution for the local 
loop because of its lack of video capabilities, its insufficient bandwidth, its 
complexity, and its expense. Also, as the move to fast Ethernet, gigabit Ethernet, 
and now 10-gigabit Ethernet picks up steam, these start-ups believe that EPONs 
will eliminate the need for conversion in the wide-area network (WAN)/LAN 
connection between ATM and IP protocols. 

EPON vendors are focusing initially on developing fiber-to-the-business (FTTB) 
and fiber-to-the-curb (FTTC) solutions, with the long-term objective of realizing 
a full-service fiber-to-the-home (FTTH) solution for delivering data, video, and 
voice over a single platform. While EPONs offer higher bandwidth, lower costs, 
and broader service capabilities than APON, the architecture is broadly similar 
and adheres to many G.983 recommendations. 

In November 2000, a group of Ethernet vendors kicked off their own 
standardization effort, under the auspices of the Institute of Electrical and 
Electronics Engineers (IEEE), through the formation of the Ethernet in the First 
Mile (EFM) study group. The new study group aims to develop a standard that 
will apply the proven and widely used Ethernet networking protocol to the access 
market. Sixty-nine companies, including 3Com, Alloptic, Aura Networks, 
CDT/Mohawk, Cisco Systems, DomiNet Systems, Intel, MCI WorldCom, and 
World Wide Packets, have indicated they will participate in the group. 

2. Economic Case for Ethernet PONs 

The economic case for EPONs is simple: fiber is the most effective medium for 
transporting data, video, and voice traffic, and it offers virtually unlimited 
bandwidth. But the cost of running fiber "point-to-point" from every customer 
location all the way to the CO, installing active electronics at both ends of each 
fiber, and managing all of the fiber connections at the CO is prohibitive. EPONs 
address the shortcomings of point-to-point fiber solutions by using a point-to- 
multipoint topology instead of point-to-point in the outside plant; by eliminating 
active electronic components, such as regenerators, amplifiers, and lasers, from 
the outside plant; and by reducing the number of lasers needed at the CO. 



Web ProForum Tutorials 
http://www.iec.org 



Copyright © 
The International Engineering Consortium 



4/30 



Table 1. Comparison of Point-to-Point Fiber Access and EPONs 



Point-to-Point Fiber 
Access 


EPON 


Point-to-Point Architecture 


Point-to-Multipoint Architecture 
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separate fiber port in the CO. 


Conserves fiber and port space in the CO by passively 
coupling traffic from up to 64 optical network units (ONU) 
onto a single fiber that runs from a neighborhood 
demarcation point back to the service provider's CO, head 
end, or POP 


Expensive active electronic 
components are dedicated to 
each subscriber 


Cost of expensive active electronic components and lasers in 
the optical line terminal (OLT) is shared over many 
subscribers 



Unlike point-to-point fiber-optic technology, which is optimized for metro and 
longhaul applications, EPONs are tailor-made to address the unique demands of 
the access network. Because they are simpler, more efficient, and less expensive 
than alternative access solutions, EPONs finally make it cost-effective for service 
providers to extend fiber into the last mile and to reap all the rewards of a very 
efficient, highly scalable, low-maintenance, end-to-end fiber-optic network. 

The key advantage of an EPON is that it allows carriers to eliminate complex and 
expensive asynchronous transfer mode (ATM) and SONET elements and to 
simplify their networks dramatically. Traditional telecom networks use a 
complex, multilayered architecture, which overlays IP over ATM, SONET, and 
WDM. This architecture requires a router network to carry IP traffic, ATM 
switches to create virtual circuits, add/drop multiplexers (ADM) and digital 
cross-connects (DCS) to manage SONET rings, and point-to-point DWDM optical 
links. 

There are a number of limitations inherent to this architecture: (1) it is fiendishly 
difficult to provision because each network element (NE) in an ATM path must 
be provisioned for each service; (2) it is optimized for time division multiplex 
(TDM) voice— not data— so its fixed bandwidth channels have difficulty handling 
bursty data traffic; (3) it requires inefficient and expensive optical-to-electrical- 
to-optical (O-E-O) conversion at each network node; (4) it requires installation 
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of all nodes up front (because each node is a regenerator); and (5) it does not 
scale well because of its connection-oriented virtual circuits. 



In the example of a streamlined EPON architecture in Figure 2, an ONU replaces 
the SONET ADM and router at the customer premises, and an OLT replaces the 
SONET ADM and ATM switch at the CO. 

Figure 2. Streamlined EPON Architecture 



This architecture offers carriers a number of benefits. First, it lowers up front 
capital equipment and ongoing operational costs relative to SONET and ATM. 
Second, an EPON is easier to deploy than SONET/ ATM because it requires less 
complex hardware and no outside plant electronics, which reduces the need for 
experienced technicians. Third, it facilitates flexible provisioning and rapid 
service reconfiguration. Fourth, it offers multilayered security, such as virtual 
LAN (VLAN) closed user groups and support for virtual private network (VPN), 
IP security (IPSec), and tunneling. Finally, carriers can boost their revenues by 
exploiting the broad range and flexibility of services offerings available over an 
EPON architecture. This includes delivering bandwidth in scalable increments 
from 1 to 100 Mbps up to 1 Gbps and value-added services, such as managed 
firewalls, voice traffic support, VPNs, and Internet access. 



3. Passive Optical Network Architecture 



The passive elements of an EPON are located in the optical distribution network 
(also known as the outside plant) and include single-mode fiber-optic cable, 
passive optical splitters/couplers, connectors, and splices. Active NEs, such as the 
OLT and multiple ONUs, are located at the end points of the PON. Optical signals 
traveling across the PON are either split onto multiple fibers or combined onto a 
single fiber by optical splitters/couplers, depending on whether the light is 
traveling up or down the PON. The PON is typically deployed in a single-fiber, 
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Ethernet Passive Optical Networks 



Definition 

Ethernet passive optical networks (EPON) are an emerging access network 
technology that provides a low-cost method of deploying optical access lines 
between a carrier's central office (CO) and a customer site. EPONs build on the 
International Telecommunications Union (ITU) standard G.983 for 
asynchronous transfer mode PONs (APON) and seek to bring to life the dream of 
a full-services access network (FSAN) that delivers converged data, video, and 
voice over a single optical access system. 

Overview 

The communications industry is on the cusp of a revolution that will transform 
the landscape. This revolution is characterized by three fundamental drivers. 
First, deregulation has opened the local loop to competition, launching a whole 
new class of carriers that are spending billions to build out their networks and 
develop innovative new services. Second, the rapid decline in the cost of fiber 
optics and Ethernet equipment is beginning to make them an attractive option in 
the access network. Third, the Internet has spawned genuine demand for 
broadband services, leading to unprecedented growth in Internet protocol (IP) 
data traffic and putting pressure on carriers to upgrade their networks. 

These drivers are, in turn, promoting two new key market trends. First, 
deployment of fiber optics is extending from the backbone to the wide-area 
network (WAN) and the metropolitan-area network (MAN) and will soon 
penetrate into the local loop. Second, Ethernet is spreading from the local-area 
network (LAN) to the MAN and the WAN as the uncontested standard. 

The convergence of these factors is leading to a fundamental paradigm shift in 
the communications industry, a shift that will ultimately lead to widespread 
adoption of a new optical IP Ethernet architecture that combines the best of fiber 
optics and Ethernet technologies. This architecture is poised to become the 
dominant means of delivering bundled data, video, and voice services over a 
single platform. 

This tutorial discusses the economics, technological underpinnings, features and 
benefits, and history of EPONs. 
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1. Evolution of Passive Optical Networks 

Passive optical networks (PONs) address the last mile of the communications 
infrastructure between the service provider's CO, head end, or point of presence 
(POP) and business or residential customer locations. Also known as the access 
network or local loop, the last mile consists predominantly, in residential areas, 
of copper telephone wires or coaxial cable television (CATV) cables. In 
metropolitan areas, where there is a high concentration of business customers, 
the access network often includes high-capacity synchronous optical network 
(SONET) rings, optical T3 lines, and copper-based Tis. 

Typically, only large enterprises can afford to pay the $3,200 - $4,300 per 
month it costs to lease a T3 (45 Mbps) or optical carrier (OC)-3 (155 Mbps) 
SONET connection. Tis at $375 per month are an option for some medium-size 
enterprises, but most small and medium-size enterprises and residential 
customers are left with few options beyond plain old telephone service (POTS) 
and dial-up Internet access. Where available, digital subscriber line (DSL) and 
cable modems offer a more affordable interim solution for data, but they are 
difficult and time-consuming to provision. In addition, bandwidth is limited by 
distance and by the quality of existing wiring; and voice services have yet to be 
widely implemented over these technologies. 



Web ProForum Tutorials Copyright © 2/30 

http://www.iec.org The International Engineering Consortium 



Even as the access network remains at a relative standstill, bandwidth is 
increasing dramatically on longhaul networks through the use of wavelength 
division multiplexing (WDM) and other new technologies. Recently, WDM 
technology has even begun to penetrate metropolitan-area networks (MAN), 
boosting their capacity dramatically. At the same time, enterprise local-area 
networks (LAN) have moved from 10 Mbps to 100 Mbps, and soon many LANs 
will be upgraded to gigabit Ethernet speeds. The result is a growing gulf between 
the capacity of metro networks on one side and end-user needs on the other, with 
the last-mile bottleneck in between. 

Figure 1. Sweet Spot for Passive Optical Networks 



PONs aim to break the last-mile bandwidth bottleneck by targeting the sweet 
spot between Tis and OC-3S that other access network technologies do not 
adequately address. 

The two primary types of PON technology are asynchronous transfer mode PONs 
(APONs) and Ethernet PONs (EPONs). 



APONs were developed in the mid 1990s through the work of the full-service 
access network (FSAN) initiative. FSAN was a group of 20 large carriers that 
worked with their strategic equipment suppliers to agree upon a common 
broadband access system for the provisioning of both broadband and 
narrowband services. British Telecom organized the FSAN Coalition in 1995 to 
develop standards for designing the cheapest, fastest way to extend emerging 
high-speed services, such as Internet protocol (IP) data, video, and 10/100 
Ethernet, over fiber to residential and business customers worldwide. 

At that time the two logical choices for protocol and physical plant were ATM and 
PON: ATM because it was thought to be suited for multiple protocols, PON 
because it is the most economical broadband optical solution. The APON format 
used by FSAN was accepted as an International Telecommunications Union 
(ITU) standard (ITU-T Rec. G.983). The ITU standard focused primarily on 
residential applications and in its initial version did not include provisions for 
delivering video services over the PON. Subsequently, a number of start-up 
vendors introduced APON-compliant systems that focused exclusively on the 
business market. 
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EPONs 



The development of EPONs has been spearheaded by one or two visionary start- 
ups that feel that the APON standard is an inappropriate solution for the local 
loop because of its lack of video capabilities, its insufficient bandwidth, its 
complexity, and its expense. Also, as the move to fast Ethernet, gigabit Ethernet, 
and now 10-gigabit Ethernet picks up steam, these start-ups believe that EPONs 
will eliminate the need for conversion in the wide-area network (WAN)/LAN 
connection between ATM and IP protocols. 

EPON vendors are focusing initially on developing fiber-to-the-business (FITB) 
and fiber-to-the-curb (FTTC) solutions, with the long-term objective of realizing 
a full-service fiber-to-the-home (FTTH) solution for delivering data, video, and 
voice over a single platform. While EPONs offer higher bandwidth, lower costs, 
and broader service capabilities than APON, the architecture is broadly similar 
and adheres to many G.983 recommendations. 

In November 2000, a group of Ethernet vendors kicked off their own 
standardization effort, under the auspices of the Institute of Electrical and 
Electronics Engineers (IEEE), through the formation of the Ethernet in the First 
Mile (EFM) study group. The new study group aims to develop a standard that 
will apply the proven and widely used Ethernet networking protocol to the access 
market. Sixty-nine companies, including 3Com, Alloptic, Aura Networks, 
CDT/Mohawk, Cisco Systems, DomiNet Systems, Intel, MCI WorldCom, and 
World Wide Packets, have indicated they will participate in the group. 

2. Economic Case for Ethernet PONs 

The economic case for EPONs is simple: fiber is the most effective medium for 
transporting data, video, and voice traffic, and it offers virtually unlimited 
bandwidth. But the cost of running fiber "point-to-point" from every customer 
location all the way to the CO, installing active electronics at both ends of each 
fiber, and managing all of the fiber connections at the CO is prohibitive. EPONs 
address the shortcomings of point-to-point fiber solutions by using a point-to- 
multipoint topology instead of point-to-point in the outside plant; by eliminating 
active electronic components, such as regenerators, amplifiers, and lasers, from 
the outside plant; and by reducing the number of lasers needed at the CO. 



Web ProForum Tutorials 
http://www.iec.org 



Copyright © 
The International Engineering Consortium 



4/30 



Table 1. Comparison of Point-to-Point Fiber Access and EPONs 



Point-to-Point Fiber 
Access 


EPON 


Point-to-Point Architecture 


Point-to-Multipoint Architecture 


Active electronic 
components are required at 
the end of each fiber and in 
the outside plant. 


Eliminates active electronic comDonents such as regenerators 
and amplifiers, from the outside plant and replaces them with 
less-expensive passive optical couplers that are simpler, easier 
to maintain, and longer lived than active components 


Each subscriber requires a 
separate fiber port in the CO. 


Conserves fiber and port space in the CO by passively 
coupling traffic from up to 64 optical network units (ONU) 
onto a single fiber that runs from a neighborhood 
demarcation point back to the service provider's CO, head 
end, or POP 


Expensive active electronic 
components are dedicated to 
each subscriber 


Cost of expensive active electronic components and lasers in 
the optical line terminal (OLT) is shared over many 
subscribers 



Unlike point-to-point fiber-optic technology, which is optimized for metro and 
longhaul applications, EPONs are tailor-made to address the unique demands of 
the access network. Because they are simpler, more efficient, and less expensive 
than alternative access solutions, EPONs finally make it cost-effective for service 
providers to extend fiber into the last mile and to reap all the rewards of a very 
efficient, highly scalable, low-maintenance, end-to-end fiber-optic network. 

The key advantage of an EPON is that it allows carriers to eliminate complex and 
expensive asynchronous transfer mode (ATM) and SONET elements and to 
simplify their networks dramatically. Traditional telecom networks use a 
complex, multilayered architecture, which overlays IP over ATM, SONET, and 
WDM. This architecture requires a router network to carry IP traffic, ATM 
switches to create virtual circuits, add/drop multiplexers (ADM) and digital 
cross-connects (DCS) to manage SONET rings, and point-to-point DWDM optical 
links. 

There are a number of limitations inherent to this architecture: (1) it is fiendishly 
difficult to provision because each network element (NE) in an ATM path must 
be provisioned for each service; (2) it is optimized for time division multiplex 
(TDM) voice— not data— so its fixed bandwidth channels have difficulty handling 
bursty data traffic; (3) it requires inefficient and expensive optical-to-electrical- 
to-optical (O-E-O) conversion at each network node; (4) it requires installation 
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of all nodes up front (because each node is a regenerator); and (5) it does not 
scale well because of its connection-oriented virtual circuits. 

In the example of a streamlined EPON architecture in Figure 2, an ONU replaces 
the SONET ADM and router at the customer premises, and an OLT replaces the 
SONET ADM and ATM switch at the CO. 

Figure 2. Streamlined EPON Architecture 

CENTRAL OFFICE CPE 





This architecture offers carriers a number of benefits. First, it lowers up front 
capital equipment and ongoing operational costs relative to SONET and ATM. 
Second, an EPON is easier to deploy than SONET/ATM because it requires less 
complex hardware and no outside plant electronics, which reduces the need for 
experienced technicians. Third, it facilitates flexible provisioning and rapid 
service reconfiguration. Fourth, it offers multilayered security, such as virtual 
LAN (VLAN) closed user groups and support for virtual private network (VPN), 
IP security (IPSec), and tunneling. Finally, carriers can boost their revenues by 
exploiting the broad range and flexibility of services offerings available over an 
EPON architecture. This includes delivering bandwidth in scalable increments 
from 1 to 100 Mbps up to 1 Gbps and value-added services, such as managed 
firewalls, voice traffic support, VPNs, and Internet access. 



3. Passive Optical Network Architecture 

The passive elements of an EPON are located in the optical distribution network 
(also known as the outside plant) and include single-mode fiber-optic cable, 
passive optical splitters/couplers, connectors, and splices. Active NEs, such as the 
OLT and multiple ONUs, are located at the end points of the PON. Optical signals 
traveling across the PON are either split onto multiple fibers or combined onto a 
single fiber by optical splitters/couplers, depending on whether the light is 
traveling up or down the PON. The PON is typically deployed in a single-fiber, 



Web ProForum Tutorials 
http://www, iec.org 



Copyright © 
The International Engineering Consortium 



6/30 



point-to-multipoint, tree-and-branch configuration for residential applications. 
The PON may also be deployed in a protected ring architecture for business 
applications or in a bus architecture for campus environments and multiple- 
tenant units (MTU). 

Figure 3. Passive and Active NEs of a PON 



EPON vendors focus on developing the "active" electronic components— such as 
the CO chassis and ONUs— that are located at both ends of the PON. The CO 
chassis is located at the service provider's CO, head end, or POP and houses 
OLTs, network interface modules (NIM), and the switch card module (SCM). The 
PON connects an OLT card to 64 ONUs, each located at a home, business, or 
MTU. The ONU provides customer interfaces for data, video, and voice services, 
as well network interfaces for transmitting traffic back to the OLT. 

CO Chassis 

The CO chassis provides the interface between the EPON system and the service 
provider's core data, video, and telephony networks. The chassis also links to the 
service provider's core operations networks through an element management 
system (EMS). WAN interfaces on the CO chassis will typically interface with the 
following types of equipment: 

• DCSs, which transport nonswitched and non-locally switched TDM 
traffic to the telephony network. Common DCS interfaces include 
digital signal (DS)-i, DS-3, synchronous transport signal (STS)-i, and 
OC-3. 




VWc*. Oats 



4. Active Network Elements 
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• Voice gateways, which transport locally switched TDM/voice traffic to 
the public-switched telephone network (PSTN) 

• IP routers or ATM edge switches, which direct data traffic to the core 
data network 

• Video network devices, which transport video traffic to the core video 
network 

• Key functions and features of the CO chassis include the following: 

• Multiservice interface to the core WAN 

• Gigabit Ethernet interface to the PON 

• Layer-2 and -3 switching and routing 

• Quality of service (QoS) issues and service-level agreements (SLA) 

• Traffic aggregation 

• Houses OLTs and SCM 

Optical Network Unit 

The ONU provides the interface between the customer's data, video, and 
telephony networks and the PON. The primary function of the ONU is to receive 
traffic in an optical format and convert it to the customer's desired format 
(Ethernet, IP multicast, POTS, Ti, etc.). A unique feature of EPONs is that, in 
addition to terminating and converting the optical signal, the ONUs provide 
Layer-2 and -3 switching functionality, which allows internal routing of 
enterprise traffic at the ONU. EPONs are also well suited to delivering video 
services in either analog CATV format, using a third wavelength, or IP video. 

Because an ONU is located at every customer location in FTTB and FTTH 
applications and the costs are not shared over multiple subscribers, the design 
and cost of the ONU is a key factor in the acceptance and deployment of EPON 
systems. Topically, the ONUs account for more than 70 percent of the system cost 
in FTTB deployments, and in FTTH deployments they account for approximately 
80 percent. 

Key features and functions of the ONU include the following: 

• Customer interfaces for POTS, Ti, DS-3, 10/100BASE-T, IP multicast, 
and dedicated wavelength services 
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• Layer-2 and -3 switching and routing capabilities 

• Provisioning of data in 64 kbps increments up to 1 Gbps 

• Low start-up costs and plug-and-play expansion 

• Standard Ethernet interfaces eliminate the need for additional DSL or 
cable modems 

EMS 

The EMS manages the different elements of the PON and provides the interface 
into the service provider's core operations network. Its management 
responsibilities include the full range of fault, configuration, accounting, 
performance, and security (FCAPS) functions. 

Key features and functions of the EMS include the following: 

• Full FCAPS functionality via a modern graphical user interface (GUI) 

• Capable of managing dozens of fully equipped PON systems 

• Supports hundreds of simultaneous GUI users 

• Standard interfaces, such as common object request broker 
architecture (CORBA), to core operations networks 

5. How Ethernet PONs Work 

The key difference between EPONs and APONs is that in EPONs, data is 
transmitted in variable-length packets of up to 1,518 bytes according to the IEEE 
802.3 protocol for Ethernet, whereas in APONs, data is transmitted in fixed- 
length 53-byte cells (with 48-byte payload and five-byte overhead), as specified 
by the ATM protocol. This format means it is difficult and inefficient for APONs 
to carry traffic formatted according to the IP. The IP calls for data to be 
segmented into variable-length packets of up to 65,535 bytes. For an APON to 
carry IP traffic, the packets must be broken into 48-byte segments with a 5-byte 
header attached to each one. This process is time consuming and complicated 
and adds additional cost to the OLT and ONUs. Moreover, 5 bytes of bandwidth 
are wasted for every 48-byte segment, creating an onerous overhead that is 
commonly referred to as the "ATM cell tax." By contrast, Ethernet was tailor- 
made for carrying IP traffic and dramatically reduces the overhead relative to 
ATM. 
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Managing Upstream/ Downstream Traffic in an 
EPON 



In an EPON, the process of transmitting data downstream from the OLT to 
multiple ONUs is fundamentally different from transmitting data upstream from 
multiple ONUs to the OLT. The different techniques used to accomplish 
downstream and upstream transmission in an EPON are illustrated in Figures 4 
and 5. 

In Figure 4, data is broadcast downstream from the OLT to multiple ONUs in 
variable-length packets of up to 1,518 bytes, according to the IEEE 802.3 
protocol. Each packet carries a header that uniquely identifies it as data intended 
for ONU-i, ONU-2, or ONU-3. In addition, some packets may be intended for 
all of the ONUs (broadcast packets) or a particular group of ONUs (multicast 
packets). At the splitter, the traffic is divided into three separate signals, each 
carrying all of the ONU-specific packets. When the data reaches the ONU, it 
accepts the packets that are intended for it and discards the packets that are 
intended for other ONUs. For example, in Figure 4, ONU-i receives packets 1, 2, 
and 3; however, it delivers only packet 1 to end user 1. 



Figure 4. Downstream Traffic Flow in an EPON 

packet 




Figure 5 sYiovts how upstream traffic is managed utilizing TDM technology, in 
which transmission time slots are dedicated to the ONUs. The time slots are 
synchronized so that upstream packets from the ONUs do not interfere with each 
other once the data is coupled onto the common fiber. For example, ONU-i 
transmits packet 1 in the first time slot, ONU-2 transmits packet 2 in a second 
non-overlapping time slot, and ONU-3 transmits packet 3 in a third non- 
overlapping time slot. 



Web ProForum Tutorials 
http://www.iec.org 



Copyright © 
The International Engineering Consortium 



10/30 



Figure 5. Upstream Traffic Flow in an EPON 




EPON Frame Formats 

Figure 6 depicts an example of downstream traffic that is transmitted from the 
OLT to the ONUs in variable-length packets. The downstream traffic is 
segmented into fixed-interval frames, each of which carries multiple variable- 
length packets. Clocking information, in the form of a synchronization marker, is 
included at the beginning of each frame. The synchronization marker is a one- 
byte code that is transmitted every 2 ms to synchronize the ONUs with the OLT. 

Each variable-length packet is addressed to a specific ONU as indicated by the 
numbers, l through M The packets are formatted according to the IEEE 802.3 
standard and are transmitted downstream at 1 Gbps. The expanded view of one 
variable-length packet shows the header, the variable-length payload, and the 
error-detection field. 

Figure 6. Downstream Frame Format in an EPON 

Downstream Frame 




Variable-Length 
Packet 

Figure ^depicts an example of upstream traffic that is TDMed onto a common 
optical fiber to avoid collisions between the upstream traffic from each ONU. The 
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upstream traffic is segmented into frames, and each frame is further segmented 
into ONU-specific time slots. The upstream frames are formed by a continuous 
transmission interval of 2 ms. A frame header identifies the start of each 
upstream frame. 

The ONU-specific time slots are transmission intervals within each upstream 
frame that are dedicated to the transmission of variable-length packets from 
specific ONUs. Each ONU has a dedicated time slot within each upstream frame. 
For example, in Figure ? y each upstream frame is divided into Tl^time slots, with 
each time slot corresponding to its respective ONU, 1 through M 

The TDM controller for each ONU, in conjunction with timing information from 
the OLT, controls the upstream transmission timing of the variable-length 
packets within the dedicated time slots. Figure <?shows an expanded view of the 
ONU-specific time slot (dedicated to ONU-4) that includes two variable-length 
packets and some time-slot overhead. The time-slot overhead includes a guard 
band, timing indicators, and signal power indicators. When there is no traffic to 
transmit from the ONU, a time slot may be filled with an idle signal. 

Figure 7. Upstream Frame Format in an EPON 



EPONs can be implemented using either a two-wavelength or a three-wavelength 
design. The two-wavelength design is suitable for delivering data, voice, and IP- 
switched digital video (SDV). A three- wavelength design is required to provide 
radio frequency (RF) video services (CATV) or dense wavelength division 
multiplexing (DWDM). 

Figure 8 shows the optical layout for a two-wavelength EPON. In this 
architecture, the 1510 nm wavelength carries data, video, and voice downstream, 
while a 1310 nm wavelength is used to carry video-on-demand (VOD)/channel 
change requests, as well as data and voice, upstream. Using a 1.25 Gbps 




Variable-Length Packet 



6. Optical System Design 
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J 



bidirectional PON, the optical loss with this architecture gives the PON a reach of 
20 km over 32 splits. 

Figure 8. Optical Design for Two-Wavelength EPON 



Figure 9 shows the optical layout for a three-wavelength EPON. In this 
architecture, 1510 nm and 1310 nm wavelengths are used in the downstream and 
the upstream directions respectively, while the 1550 nm wavelength is reserved 
for downstream video. The video is encoded as Moving Pictures Experts Group- 
Layer 2 (MPEG2) and is carried over quadrature amplitude modulation (QAM) 
carriers. Using this setup, the PON has an effective range of 18 km over 32 splits. 

Figure 9. Optical Design for Three-Wavelength EPON 



The three- wavelength design can also be used to provide a DWDM overlay to an 
EPON. This solution uses a single fiber with 1510 nm downstream and 1310 nm 
upstream. The 1550 nm window (1530-1565 nm) is left unused, and the 
transceivers are designed to allow DWDM channels to ride atop the PON 
transparently. The PON can then be deployed with no DWDM components, while 
allowing future DWDM upgrades to provide wavelength services, analog video, 
increased bandwidth, etc. In this context, EPONs offer an economical setup cost, 
which scales effectively to meet future demand. 



EPONs offer many cost and performance advantages that enable service 
providers to deliver revenue-generating services over a highly economical 
platform. However, a key technical challenge for EPON vendors lies in enhancing 
Ethernet's capabilities to ensure that real-time voice and IP video services can be 





7. Quality of Service 
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delivered over a single platform with the same QoS and ease of management as 
Amor SONET. 

EPON vendors are attacking this problem from several angles. The first is to 
implement methods, such as differentiated services (DiffServ) and 8o2.ip, which 
prioritize traffic for different levels of service. One such technique, TOS Field, 
provides eight layers of prioritization to make sure that the packets go through in 
order of importance. Another technique, called bandwidth reserve, provides an 
open highway with guaranteed latency for POTS traffic so that it does not have to 
contend with data. 

To illustrate some of the different approaches to emulating ATM/SONET service 
capabilities in an EPON, Table 2 highlights four key objectives that ATM and 
SONET have been most effective at providing: (1) the quality and reliability 
required for real-time services; (2) statistical multiplexing to manage network 
resources effectively; (3) multiservice delivery to allocate bandwidth fairly among 
users; (4) tools to provision, manage, and operate networks and services; and (5) 
full system redundancy and restoration. 

In every case, EPONs have been designed to deliver comparable services and 
objectives using Ethernet and IP technology. Sometimes this has required the 
development of innovative techniques, which are not adequately reflected in 
literal line-by-line adherence to ATM or SONET standards and features. 



Table 2. Comparison of ATM, SONET, and EPON Service 
Objectives and Solutions 



Objective 


ATM/SONET Solution 


Ethernet PON Solution 


Real-time 
services 


ATM service architecture and 
connection-oriented design 
ensure the reliability and 
quality needed for real-time 
service. 


A routing/switching engine that offers 
native IP/Ethernet classification with 
advanced admission control, bandwidth 
guarantees, traffic shaping, and network 
resource management that extends 
significantly beyond the Ethernet solutions 
found in traditional enterprise LANs 


Statistical 
multiplexing 


Traffic shaping and network 
resource management allocates 
bandwidth fairly between users 
of non-real-time services 
Dynamic bandwidth allocation 
implementation needed. 


Traffic-management functionality across 
the internal architecture and the external 
interface with the MAN EMS provides 
coherent policy based traffic management 
across OLTs and ONUs. IP traffic flow is 
inherently bandwidth conserving 
(statistical multiplexing). 


Multiservice 
delivery 


These characteristics work 
together to ensure that fairness 
is maintained among different 
services coexisting on a 


Service priorities and SLAs assure that 
network resources are always available for 
a customer-specific service. Gives service 
provider control of "walled-garden" 
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common network. 


services, such as CATV and interactive IP 
video. 


Management 
capabilities 


A systematic provisioning 
framework and advanced 
management functionality 
enhance the operational tools 
avail ahlp to manacrf* frhf* 
network. 


Integrating EMS with service providers' 
OSSs emulates the benefits of connection- 
oriented networks and facilitates end-to- 
end provisioning, deployment, and 

manappmpnt of TP ^prvipp** 


Protection 


Bidirectional line-switched ring 
(BLSR) and unidirectional 
path-switched ring (UPSR) 
provide full system redundancy 
and restoration. 


Counter-rotating ring architecture provides 
protection switching in sub 50 ms intervals. 



These techniques allow EPONs to deliver the same reliability, security, and QoS 
as more expensive SONET and ATM solutions. 



• Guaranteed QoS using TOS Field and DiffServ 

• Full system redundancy providing high availability and reliability 

• Diverse ring architecture with full redundancy and path protection 

• Multilayered security, such as VLAN closed user groups and support 
for VPN, IPSec, and tunneling 

8. Applications 

EPONs address a variety of applications for incumbent local-exchange carriers 
(ILEC), cable multiple-system operators (MSO), competitive local-exchange 
carriers (CLEC), building local-exchange carriers (BLEC), overbuilders (OVB), 
utilities, and emerging start-up service providers. These applications can be 
broadly classified into three categories: 

• Cost reduction: reducing the cost of installing, managing, and 
delivering existing services 

• New revenue opportunities: boosting revenue-earning opportunities 
through the creation of new services 

• Competitive advantage: increasing carrier competitiveness by enabling 
more rapid responsiveness to new business models or opportunities 
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Cost-Reduction Applications 



EPONs offer service providers unparalleled opportunities to reduce the cost of 
installing, managing, and delivering existing service offerings. For example, 
EPONs do the following: 

• Replace active electronic components with less expensive passive 
optical couplers that are simpler, easier to maintain, and longer lived 

• Conserve fiber and port space in the CO 

• Share the cost of expensive active electronic components and lasers 
over many subscribers 

• Deliver more services per fiber and slash the cost per megabit 

• Promise long-term cost-reduction opportunities based on the high 
volume and steep price/performance curve of Ethernet components 

• Save the cost of truck rolls because bandwidth allocation can be done 
remotely 

• Free network planners from trying to forecast the customer's future 
bandwidth requirement because the system can scale up easily 

For service providers the result is lower capital costs, reduced capital 
expenditures, and higher margins. 

Case Study: Tl Replacement 

ILECs realize that Tl services are their "bread and butter" in the business market. 
However, Tl lines can be expensive to maintain and provision, particularly where 
distance limitations require the use of repeaters. Today, most Tis are delivered 
over copper wiring, but service providers have already recognized that fiber is 
more cost-effective when demand at a business location exceeds four Tl lines. 

EPONs provide the perfect solution for service providers that want to consolidate 
multiple Tis on a single cost-effective fiber. By utilizing a PON, service providers 
eliminate the need for outside plant electronics, such as repeaters. As a result, the 
expense required to maintain Tl circuits can be reduced dramatically. In many 
cases, savings of up to 40 percent on maintenance can be achieved by replacing 
repeatered Tl circuits with fiber-based Tis. 
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New Revenue Opportunities 



New revenue opportunities are a critical component of any service provider's 
business plan. Infrastructure upgrades must yield a short-term return on 
investment and enable the network to be positioned for the future. EPON 
platforms do exactly that by delivering the highest bandwidth capacity available 
today, from a single fiber, with no active electronics in the outside plant. The 
immediate benefit to the service provider is a low initial investment per 
subscriber and an extremely low cost per megabit. In the longer term, by 
leveraging an EPON platform, carriers are positioned to meet the escalating 
demand for bandwidth as well as the widely anticipated migration from TDM to 
Ethernet solutions. 

Case Study: Fast Ethernet and Gigabit Ethernet 

Increasing growth rates for Ethernet services have confirmed that the 
telecommunications industry is moving aggressively from a TDM orientation to a 
focus on Ethernet solutions. Fast Ethernet (10/100BT) is expected to grow at a 
rate of 25.2 percent compound annual growth rate (CAGR) 1999-2004 (IDC, 
June 2000). Gigabit Ethernet is experiencing an extremely rapid growth of 128.9 
percent CAGR 1999-2004 (IDC, June 2000). It is imperative that incumbent 
carriers, MSOs, and new service providers embrace these revenue streams. The 
challenge for the ILEC is how to implement these new technologies aggressively 
without marginalizing existing products. For new carriers, it is critical to 
implement these technologies with a minimum of capital expenditure. MSOs are 
concerned about how best to leverage their existing infrastructure while 
introducing new services. 

EPONs provide the most cost-effective means for ILECs, CLECs, and MSOs to 
roll out new, higher-margin fast Ethernet and gigabit Ethernet services to 
customers. Data rates are scalable from 1 Mbps to 1 Gbps, and new equipment 
can be installed incrementally as service needs grow, which conserves valuable 
capital resources. In an analysis of the MSO market, an FTTB application 
delivering 10/100BASE-T and Ti circuits yielded a one-month payback 
(assuming a ratio of 70 percent 10/100BASE-T to 30 percent Ti, excluding fiber 
cost). 

Competitive Advantage 

Since the advent of the Telecommunications Act of 1996, competition has been 
on the increase. However, the current state of competition has been impacted by 
the capital crisis within the service-provider community. CLECs today are 
increasingly focused on market niches that provide fast growth and short-term 
return on investment. 
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Incumbent carriers must keep focused on core competencies while defending 
market-share, and, at the same time, they must look for high-growth new product 
opportunities. One of the most competitive niches being focused on is the 
Ethernet space. Long embraced as the de facto standard for LANs, Ethernet is 
used in more than 90 percent of today's computers. From an end-user 
perspective, Ethernet is less complex and less costly to manage. Service 
providers, both incumbent and new entrants, are providing these services as both 
an entry and defensive strategy. From the incumbent perspective, new entrants 
that offer low-cost Ethernet connectivity will take market-share from legacy 
products. As a defensive strategy, incumbents must meet the market in a cost- 
effective, aggressive manner. EPON systems are an extremely cost-effective way 
to maintain a competitive edge. 

Case Study: Enabling New Service-Provider Business 
Models 

New or next-generation service providers know that a key strategy in today's 
competitive environment is to keep current cost at a minimum, with an access 
platform that provides a launch pad for the future. EPON solutions fit the bill. 
EPONs can be used for both legacy and next-generation service, and they can be 
provisioned on a pay-as-you-go-basis. This allows the most widespread 
deployment with the least up-front investment. 

For example, a new competitive service provider could start by deploying a CO 
chassis with a single OLT card feeding one PON and five ONUs. This simple, 
inexpensive architecture enables the delivery of eight DS-i, three DS-3, 46 
100/10BASE-T, one gigabit Ethernet (DWDM), and two OC-12 (DWDM) 
circuits, while leaving plenty of room in the system for expansion. For a new 
service provider, this provides the benefit of low initial start-up costs, a wide 
array of new revenue-generating services, and the ability to expand network 
capacity incrementally as demand warrants. 

9. Benefits of Ethernet PONs 

EPONs are simpler, more efficient, and less expensive than alternate multiservice 
access solutions. Key advantages of EPONs include the following: 

• Higher bandwidth: up to 1.25 Gbps symmetric Ethernet bandwidth 

• Lower costs: lower up-front capital equipment and ongoing operational 
costs 

• More revenue: broad range of flexible service offerings means higher 
revenues 
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Higher Bandwidth 



EPONs offer the highest bandwidth to customers of any PON system today. 
Downstream traffic rates of 1 Gbps in native IP have already been achieved, and 
return traffic from up to 64 ONUs can travel in excess of 800 Mbps. 

The enormous bandwidth available on EPONs provides a number of benefits: 

• More subscribers per PON 

• More bandwidth per subscriber 

• Higher split counts 

• Video capabilities 

• Better QoS 

Lower Costs 

EPON systems are riding the steep price/performance curve of optical and 
Ethernet components. As a result, EPONs offer the features and functionality of 
fiber-optic equipment at price points that are comparable to DSL and copper Tis. 
Further cost reductions are achieved by the simpler architecture, more efficient 
operations, and lower maintenance needs of an optical IP Ethernet network. 

EPONs deliver the following cost reduction opportunities: 

• Eliminate complex and expensive ATM and SONET elements and 
dramatically simplify network architecture 

• Long-lived passive optical components reduce outside plant 
maintenance 

• Standard Ethernet interfaces eliminate the need for additional DSL or 
cable modems 

• No electronics in outside plant reduces need for costly powering and 
right-of-way space 

More Revenue 

EPONs can support a complete bundle of data, video, and voice services, which 
allows carriers to boost revenues by exploiting the broad range and flexibility of 
service offerings available. In addition to POTS, Ti, 10/100BASE-T, and DS-3, 
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EPONs support advanced features, such as Layer-2 and -3 switching, routing, 
voice over IP (VoIP), IP multicast, VPN 802.1Q, bandwidth shaping, and billing. 
EPONs also make it easy for carriers to deploy, provision, and manage services. 
This is primarily because of the simplicity of EPONs, which leverage widely 
accepted, manageable, and flexible Ethernet technologies. 

Revenue opportunities from EPONs include: 

• Support for legacy TDM, ATM, and SONET services 

• Delivery of new gigabit Ethernet, fast Ethernet, IP multicast, and 
dedicated wavelength services 

• Provisioning of bandwidth in scalable 64 kbps increments up to 1 Gbps 

• Tailoring of services to customer needs with guaranteed SLAs 

• Quick response to customer needs with flexible provisioning and rapid 
service reconfiguration 



Table 3. Summary of EPON Features and Benefits 



Features 


Benefits 


ONUs provide internal IP address translation, which 
reduces the number of IP addresses and interfaces 
with PC and data equipment over widely used 
Ethernet interfaces. 


Customer configuration changes can 
be made without coordination of ATM 
addressing schemes that are less 
flexible. 


ONU offers similar features to routers, switches and 
hubs at no additional cost. 


Consolidates functions into one box, 
simplifies network, and reduces costs 


Software-activated VLANs 


Allows service providers to generate 
new service revenues 


Implement firewalls at the ONU without need for 
separate PC 


Allows service providers to generate 
new service revenues 


Full system redundancy to the ONU provides high 
availability and reliability (five 9s). 


Allows service providers to guarantee 
service levels and avoid costly outages 


Self-healing network architecture with complete 
back-up databases 


Allows rapid restoration of services 
with minimal effort in the event of 
failure 


Automatic equipment self-identification 


Facilitates services restoration upon 
equipment recovery or card 
replacement 


Remote management and software upgrades 


Simplifies network management, 
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reduces staff time, and cuts costs 


Status of voice, data, and video services for a 
customer or group of customers can be viewed 
simultaneously. 


Facilitates better customer service and 
reduces cost of handling customer 
inquiries 


ONUs have standard Ethernet customer interface. 


Eliminates need for separate DSL 
and/or cable modems at customer 
premises and lowers cost 



10. Ethernet in the First Mile Initiative 

EPON vendors are actively engaged in a new study group that will investigate the 
subject of EFM. Established under the auspices of the IEEE, the new study group 
aims to develop a standard that will apply the proven and widely used Ethernet 
networking protocol to the access market. 

The EFM study group was formed within the IEEE 802.3 carrier sense multiple 
access with collision detection (CSMA/CD) Working Group in November 2000. 
Sixty-nine companies, including 3Com, Alloptic, Aura Networks, CDT/Mohawk, 
Cisco Systems, DomiNet Systems, Intel, MCI WorldCom, and World Wide 
Packets, have indicated they will participate in the group. 

In addition to the IEEE study group, EPON vendors are planning to participate in 
other standards efforts conducted within organizations, such as the Internet 
Engineering Task Force (IETF), ITU-Telecommunications Standardization 
Sector (ITU-T), and the Standards Committee Ti. There is even the possibility of 
a liaison with FSAN on this effort. The FSAN document does not preclude non- 
ATM protocols, and the FSAN document is broad in scope (covering many last- 
mile issues). Much of G.983 remains valid, and it could be that the IEEE 802.3 
EFM group will focus on developing the MAC protocols for EPON, referencing 
FSAN for everything else. This is the quickest path to an EPON standard, and 
several big names, including Cisco Systems and Nortel Networks, are backing 
EPON over APON. 

11. The Future of Ethernet PONs 

EPONs are in the early phases of commercial development with initial trial 
deployments anticipated during 2001. Although APONs have a slight head start 
in the marketplace, current industry trends— including the rapid growth of data 
traffic and the increasing importance of fast Ethernet and gigabit Ethernet 
services— favor Ethernet PONs. Standardization efforts are already underway 
based on the establishment of the EFM study group, and momentum is building 
for an upgrade to the FSAN-initiated APON standard. 
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The stage is set for a paradigm-shift in the communications industry that could 
well result in a completely new "equipment deployment cycle," firmly grounded 
in the wide-based adoption of fiber optics and Ethernet technologies. This optical 
IP Ethernet architecture promises to become the dominant means of delivering 
bundled voice, data, and video services over a single network. In addition, this 
architecture is an enabler for a new generation of cooperative and strategic 
partnerships, which will bring together content providers, service providers, 
network operators, and equipment manufacturers to deliver a bundled 
entertainment and communications package unrivaled by any other past offering. 



Self-Test 

1. Also known as the access network or local loop, the 

consists predominantly, in residential areas, of copper telephone wires or 
coaxial cable television (CATV) cables. 

a. customer premises 

b. hardware 

c. last mile 

d. network 

2. address the shortcomings of point-to-point fiber solutions 

by using a point-to-multipoint topology instead of point-to-point in the 
outside plant; by eliminating active electronic components, such as 
regenerators, amplifiers, and lasers, from the outside plant; and by reducing 
the number of lasers needed at the CO. 

a. EPONs 

b. Engineers 

c. APONs 

d. ONUs 

3. The passive elements of an EPON are located in the 

(also known as the outside plant) and include 

single-mode fiber-optic cable, passive optical splitters/couplers, connectors, 
and splices. 

a. MTUs 

b. optical distribution network 
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c. customer premises 

d. CO chassis 

4. The provides the interface between the EPON system and 

the service provider's core data, video, and telephony networks. 

a. optical distribution network 

b. customer premises 

c. MTUs 

d. CO chassis 

5. Which of the following is a feature or function of the EMS? 

a. supports hundreds of simultaneous GUI users 

b. full FCAPS functionality via a modern graphical user interface (GUI) 

c. capable of managing dozens of fully equipped PON systems 

d. all of the above 

6. EPONs can be implemented using either a two-wavelength or a three- 
wavelength design. 

a. true 

b. false 

7. Decreasing growth rates for Ethernet services have confirmed that the 
telecommunications industry is moving aggressively from Ethernet solutions 
to a TDM orientation. 

a. true 

b. false 

8. EPONs offer the highest bandwidth to customers of any PON system today. 

a. true 

b. false 
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9. EPON vendors are actively engaged in a new study group known as 

that will develop a standard that will apply the proven and 

widely used Ethernet networking protocol to the access market. 

a. LMA 

b. ITU 

c. EFM 

d. IEEE 

Correct Answers 

1. Also known as the access network or local loop, the 

consists predominantly, in residential areas, of 

copper telephone wires or coaxial cable television (CATV) cables. 

a. customer premises 

b. hardware 
c last mile 
d. network 
See Topic 1. 

2. address the shortcomings of point-to-point fiber 

solutions by using a point-to-multipoint topology instead of point-to-point 
in the outside plant; by eliminating active electronic components, such as 
regenerators, amplifiers, and lasers, from the outside plant; and by 
reducing the number of lasers needed at the CO. 

a. EPONs 

b. Engineers 

c. APONs 

d. ONUs 
See Topic 2. 

3. The passive elements of an EPON are located in the 
(also known as the outside plant) and include 
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single-mode fiber-optic cable, passive optical splitters/couplers, 
connectors, and splices. 

a. MTUs 

b. optical distribution network 

c. customer premises 

d. CO chassis 
See Topic 3. 

4. The provides the interface between the EPON system 

and the service provider's core data, video, and telephony networks. 

a. optical distribution network 

b. customer premises 

c. MTUs 

d. CO chassis 

See Topic 4. 

5. Which of the following is a feature or function of the EMS? 

a. supports hundreds of simultaneous GUI users 

b. full FCAPS functionality via a modern graphical user interface (GUI) 

c. capable of managing dozens of fully equipped PON systems 

d. all of the above 
See Topic 4. 

6. EPONs can be implemented using either a two-wavelength or a three- 
wavelength design. 

a. true 

b. false 
See Topic 6. 
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7. Decreasing growth rates for Ethernet services have confirmed that the 
telecommunications industry is moving aggressively from Ethernet 
solutions to a TDM orientation. 

a. true 

b. false 

See Topic 8. 

8. EPONs offer the highest bandwidth to customers of any PON system 
today. 

a. true 

b. false 
See Topic 8. 

9. EPON vendors are actively engaged in a new study group known as 

that will develop a standard that will apply the proven 

and widely used Ethernet networking protocol to the access market. 

a. LMA 

b. ITU 
c EFM 

d. IEEE 
See Topic 9. 

Glossary 

ADM 

add/drop multiplexer 
APON 

asynchronous transfer mode passive optical network 
ATM 

asynchronous transfer mode 
BLEC 

building local-exchange carrier 
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BLSR 

bidirectional line-switched ring 
CAGR 

compound annual growth rate 
CATV 

cable television 
CLEC 

competitive local-exchange carrier 
CO 

central office 
CORBA 

common object request broker architecture 
CSMA/CD 

carrier sense multiple access with collision detection 
DCS 

digital cross-connect 
DiffServ 

differentiated services 
DS 

digital signal 
DSL 

digital subscriber line 
DWDM 

dense wavelength division multiplexing 
EFM 

Ethernet in the First Mile [study group] 
EMS 

element management system 
EPON 

Ethernet passive optical network 
FCAPS 

fault, configuration, accounting, performance, and security 
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FSAN 

full-services access network 
FTTB 

fiber-to-the-building 
FTTC 

fiber-to-the-curb 
FTTH 

fiber-to-the-home 
GUI 

graphical user interface 
IEEE 

Institute of Electrical and Electronics Engineers 
IETF 

Internet Engineering Task Force 
ILEC 

incumbent local-exchange carrier 
IP 

Internet protocol 
IPSec 

Internet protocol security 
ITU 

International Telecommunications Union 
ITU-T 

ITU-Telecommunications Standardization Sector 
LAN 

local-area network 
MAN 

metropolitan-area network 
MPEG2 

Moving Pictures Experts Group-Layer 2 
MSO 

multiple-system operator 
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MTU 

multiple-tenant unit 
NE 

network element 
NIM 

network interface module 
OC 

optical carrier 
O-E-O 

optical-to-electrical-to-optical 
OLT 

optical line terminal 
ONU 

optical network unit 
OVB 

overbuilder 
PON 

passive optical network 
POP 

point of presence 
POTS 

plain old telephone service 
PSTN 

public switched telephone network 
QAM 

quadrature amplitude modulation 
QoS 

quality of service 
RF 

radio frequency 
SCM 

switch card module 
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SDV 

switched digital video 
SLA 

service-level agreement 
SONET 

synchronous optical network 
STS 

synchronous transfer mode 
TDM 

time division multiplex 
UPSR 

unidirectional path-switched ring 
VLAN 

virtual local-area network 
VOD 

video on demand 
VoIP 

voice over Internet protocol 
VPN 

virtual private network 
WAN 

wide-area network 
WDM 

wavelength division multiplexing 
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